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Description 

[0001 ] The present invention relates to mono- and di-(hatogenmethyl)-diphenyldiiodides, -dibromides and -diamines; 
mono- and di-(hydroxymet)iyl)-djphenyldiiodldes, -dibromides and -diamines and mono- and dl-(aminomethyl)-diphe- 

5 nyldiiodldes, -dibromides and -diamines; mono- and di-{hydroxymethyl)-diphenyldiphosph(nes and mono- and di-(ami- 
nomethyl)-diphenyldiphosphines, as well as 2-hydroxypropane-1,3-dioxyl-diphenyldiphosphines; mono-and di-(hy- 
droxymethyl)-diphenyldiphosphines and mono- and di-(aminomethyl)-di-phenyldiphosphines, as well as 2-hydroxypro- 
pane-1.3-dioxyl*diphenyidiphosphines. the hydroxyi groups or amino groups of which are provided with functional 
groups via a bridging group; inorganic and organic polymeric earners which are immobilised with said diphosphines; 

10 metal complexes of the monomeric and immobilised diphosphines; and the use of the metal complexes as homoge- 
neous and enantioselcctive catalysts in the synthesis of organic compounds, for example hydrogenatton. 
[0002] In Pure and Appl. Chem., Vot. 68, No. 1 , pp. 131-138 (1996), R. Schmid et al. describe atropisomeric 6,6'- 
dimethyl- and 6,6'-dimethoxy-2.2'-diphenyldiphosphines as chiral ligands in metal complexes, which are used for the 
hydrogenatton of prochirai Icetones and olefins, whereby high optical yields may be attained. The catalysts can only 

15 be extracted from the reaction mixtures with difficulty and incompletely, so that it is Impossible to reuse them for further 
reactions. 

[0003] In WO 98/01457, B. Pugin et al. describe the functionalisation of chiral ferrocenyldiphosphines as ligands for 
metal complexes and the immobilisation on inorganic and organic carriers, which may be used as enantioselective 
hydrogenation catalysts. These catalysts may be easily separated from the reaction mixture and reused. In Organic 

20 Magnetic Resonance 9(1 ), 44-48 (1 997) is disclosed 2,2'-bis-(bromomethyl)-6,6*-dinitrobiphenyl. In Helvetica Chemical 
Acta 71(4). 897-929 (1988) is described 2,2'-bis-{hydroxymethyl)-6.6'-dibrombiphenyl and in J.A.C.S. 80(2), 476-480 
(1958) is disclosed 2,2'-bis-(hydroxymethyl)-6,6'-diaminobiphenyl. In EP-A-0 104375 and WO 93/15090 are disclosed 
2,2'substituted 6,6'-diphosphindiphenyl ligands for the asymmetric catalysed hydrogenation of unsaturated com- 
pounds, whereby the 2,2'-Substituents are not functionalised. 

25 [0004] It has now been found that, in a simple manner, functionalised 2,2'-diphenyldiphosphines can be prepared 
and may be immobilised both on inorganic and on organic polymeric carriers, and can also be used as water-soluble 
and/or extractable and/or adsorbable ligands/catalysts. The immobilised diphosphine ligands bond with d-8 metals 
such as rhodium, ruthenium and iridium complexes which may be used as highly effective catalysts in enantioselective 
hydrogenation of carbon-carbon, carbon-nitrogen or carbon-oxygen double bonds. The selectivity, activity and total 

30 yield for immobilised systems are surprisingly high. 

[0005] The catalysts may be easily separated from the reaction solution and reused. Almost no metal or ligand losses 
occur. In addition, immobilised diphenyldiphosphine ligands especially on inorganic carriers have surprisingly high 
stability, which is especially important for reusage. Therefore, using these immobilised catalysts, large-scale hydro- 
genation may be carried out especially economically. 

35 [0006] The reaction to be catalysed may be carried out even heterogeneously or homogeneously through the choice 
of polymer, for example in the case of polymer-bound diphosphine ligands. The polymer may be prepared in such a 
way, or also subsequently specifically modified in such a way that the polymer-bound catalyst dissolves in the reaction 
medium, and can be easily separated after the reaction by filtration, ultrafiltration, extraction or adsorption on carriers, 
and then reused. The catalysts can be reused several times. Through the choice of polymer, the catalyst may be 

40 optimally adapted to the reaction medium during the hydrogenation step, and then completely separated, which is 
important In particular for hydrogenation carried out on a large scale. 

[0007] The production of these immobilised or extractable and/or adsorisable diphenyldlphosphines is made possible 
only by providing correspondingly functionalised diphenyldlphosphines. Therefore, particular importance is placed on 
these intermediates and their preparation. 
45 [0008] In all cases, recovery of the noble metals contained therein is simplified if the catalyst has to be exchanged 
after frequent recycling. Frequently, further purification of the hydrogenated product can be dispensed with, since the 
catalyst can be removed practically quantitatively 
[0009] A first object of the invention is compounds of fomnula I, 

50 
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(I). 



wherein 



Ri Is methyl chloride, methyl bromide or methyl Iodide, R2 is Ci-C4-allcyl or C^-C4-a!koxy or has the same signif- 
icance as R^, and R3 is Br, I or -NHg. 

R^ Is preferably methyl bromide. R2 is preferably alkyi, and as alkyi preferably signifies ethyl and most preferably 
methyl. Rg as alkoxy preferably signifies methoxy or ethoxy. R3 is preferably Br or I. 

[0010] The preparation thereof may be effected in known manner by the radical halogenatlon of the methyl groups 
of 2,2'-di-R3-6,6'-dimethyl-diphenyl with appropriate halogenation agents, for example CI2, Brg, I2, Interhalogen com- 
pounds such as CIBr, CM, orSOCl2, SOBr2, SOIg, and organic halogen compounds such as CF3CU CFgBr, CF3I, CCI3I, 
as well as N-haiogenated acid amides, for example N-chloro-, -bromo- and -lodosucclnlmlde. Depending on the amount 
of halogenatlon agent, mono- or dihalogen-methyl-diphenyls are primarily obtained, whereby mixtures of the com- 
pounds may be separated by distillation, by chromatographic methods or by crystallisation. The oily or crystalline 
compounds of fomnula I are valuable initial products for the production of atropisomeric diphosphines. 
[0011] A further object of the invention is compounds of fomnula II, 



R3 is Br, I or -NHg, 

R4 is hydroxymethyl, aminomethyl, hydroxy-, amino- or cyano-C2-C8-alkoxy, hydroxy-, amino-or cyano-C2-C3- 
aikoxymethyl, or hydroxy-, amino- or cyano-Cg-Cg-alkylaminomethyl, and R5 has the same significance as R4, or 
R5 is Ci-C4-alkyl or Ci-C4-alkoxy, or 

R4 and R5 together are HOCH(CH2-0-)2, H2NCH{CH2-0-)2, or hydroxy-, amino- orcyano-C2-C8-alkylOCH(CH2- 
0-)2, except 2,2'-Dihydroxymethyl-6,6'-dibromdiphenyl and 2,2*-Dihydroxymethyl-6,6'-dlamlnodiphenyl. 
R3 is preferably Br or I and especially I. C2-C8-s'ky' the hydroxy-, amino- or cyanoalkyi groups is preferably 
C2-C6-alkyi, more preferably C2-C4-alkyl, for example C2-, C3-alkyl or C4-alkyl. R5 as Ci-C4-alkyl or Ci-C4-alkoxy 
may be for example methyl, ethyl, propyl, butyl, methoxy, ethoxy, propyloxy and butyloxy; methyl and methoxy are 
prefenred. If R5 signifies alkyi, R4 Is preferably hydroxymethyl, aminomethyl, hydroxy-, amino- or cyano-C2-C8- 
alkoxymethyl, or hydroxy-, amino- or cyano-Cg-Cg-alkylaminomethyi if R5 signifies alkoxy, R4 Is preferably amino- 
or cyano-C2-CQ-alkoxy. The hydroxy, amino or cyano groups are preferably primary groups. 

[0012] The compounds of formula II may be produced by known synthesis methods. Thus, the methyl halide group 
in the compounds of formula I can be hydroxylated or aminated in known manner. These hydroxy or amino compounds, 
or the known 2-aikoxy-2'-hydroxy-6.6'-substltuted diphenyl, or the known 2,2'-dihydroxy-6,6'-substituted diphenyl, or 




(H). 



wherein 
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a compound of formula 



5 



10 




IS which is obtainabie by reacting 2,2*-dihydroxy-6,6'-substltuted diphenyl with epichlorohydrin or 1 ,3-dichloro-2-hydrox- 
ypropane, is reacted with cyanoaikenyl and then the cyano group Is hydrogen ated, or reacted with hydroxy halogen- 
or aminohalogen-alkanes, or with ethylene oxide or aziridine. The HO group may be substituted by a NH2 group in 
l<nown manner, for example first of all halogenated and then reacted with 1 ,r-carbonyl-dlimidazole; hydrolysis then 
yields the free amine. 

20 [0013] The compounds of fonnula II are eminently suitable for producing corresponding diphenyldiphosphines, in 
which the functional groups may undergo prior or subsequent modification in conventional manner by conversion into 
other functional groups or by a reaction with difu notional chain extenders, for example epoxides, hydroxyall<yl cyanates, 
halo-alkanols, haio-alkane nitriles, halo-alkane phthalimides, dicarboxyllc acids or dllsocyanates. The phosphlne 
groups are introduced in known manner [see Pure and Appl. Chem., Vol. 68, No. 1, pp, 131-138 (1996)) by reacting 

25 compounds of fonnula II with lithium alkyls, for example lithium butyl, and reacting these with secondary phosphine 
halides, for example chlorides. The functional groups may be provided with appropriate protecting groups, a large 
number of which are known. The introduction of the phosphine groups may also take place in stages, whereupon 
unsymmetrically substituted diphenyldiphosphines are obtainable. This functionalisatlon is described in detail in WO 
98/01457. 

30 [0014] Further objects of the invention are also the compounds of fomnula III, 



35 



40 




wherein 

45 

Rg and R7 signify identical or different secondary phosphine, 

Rg is-CH2-0H, -CHg-NHg, -CH2-0-B-{FU)p, -CH2-NR'-B-(FU)p, or -0-B-(FU)p, 

Rg has the same significance as Rq or is G^-C4-alkyl or Ci-C4-alkoxy, or 

Rq and Rg together signify HOCH(CH2-0-)2. H2NCH(GH2-0-)2, (FU)p-B-OCH(CH2-0-)2 or (FU)p-B-R'NCH(CH2- 

50 0-)2. 

R'isHorCi-C4 alkyi; 
B is a bridging group, 
FU is a functional group, 
p is a number from 1 to 6, and 
S5 NH2 groups are present as such or as masked isocyanate groups. 

[0015] In fonmula III, p is preferably a number from 1 to 4, most preferably 1 to 3. Preferred compounds having more 
than one functional group are those of fonnula lllb 
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5 




(Hlb), 



wherein Rg and R7 are defined as above, Rg Is C^-C4-alkyl and preferably methyl, R^o^ Is C2-Ci2% preferably C2-C6-, 
most preferably C2 to C4-alkylene, X" Is -COOH and X"' is -0-, -NH-or -N(C^-C4-allcyl). as well as the amides, esters 
and salts thereof, especially alkali or alkaline earth metal salts. 
15 [0016] If Hq and Rg contain a primary amino group, this may be converted by known methods Into masked isocyanate 
groups, which similarly represent valuable functional groups. 

[0017] The secondary phosphino may correspond to fonnula -PR^o'^ii» wherein R^q independently of one 

another, are C^-Ci2-alkyl, Cg-C^g'^y^'oalky'; phenyl, CyC^2~^^^^^^^^ substituted by Ci-C4-alkyl or Ci-C4-alkoxy; or 
phenyl mono- to trisubstituted by Ci-C4-alkyl, Ci-C4-alkoxy, -S}Ri2Ri3Ri4, halogen, -SO3M, -CO2M, -PO3M, 
20 -NR^gR^e « "[^NRigRieRiylX" or C^-Cs-fluoroalkyl; R^q and R^^ together are tetra- or pentamethylene either unsubstl- 
tuted or mono- to trisubstituted by Ci-C4-alkyl, Ci-C4-alkoxy, -SiR^gRiaRu, halogen, -SOslVI, -CO2M, -PO3M, 
-NR^gR^e' ■['"'NRisR^e'^^yjX- or C^-Cs-fluoroalkyl, or the group -PR^q'^ii ''©presents a radical of formulae 

30 j 

and R12. Ri3 and R14 independently of one another, are Ci-Ci2-all<yI or phenyl 

Ri5 and R^g, independently of one another, are H, 0^-0^2'^'^ or phenyl, or R^s and R^g together are tetrameth- 
ylene, pentamethylene or 3-oxa-1 ,5-pentylene; 
35 R^^ is H orCi-C4-alkyI; 

M is H or an alkali metal; 

X Is the anion of a monobasic acid; 

halogen is fluorine, chlorine, bromine or iodine. 

40 [0018] The alkyi and alkoxy substituents In question may be, for example, methyl, ethyl, n- and Isopropyl, n-, Iso- 

and tert. -butyl, methoxy, ethoxy, n- and isopropoxy, n-, iso- and tert.-butoxy. 

[0019] R^Q and R^^ in the definition of alky! may be linear or branched and they preferably contain 1 to 8, most 
preferably 1 to 4 carbon atoms. Examples of this alkyi are methyl, ethyl, n- and Isopropyl, n-, iso- and tert.-butyl, pentyl, 
hexyl, heptyl, octyl, nonyl, decyl, undecyl and dodecyl. Preference Is given to methyl, ethyl, n- and isopropyl, n-, iso- 
45 and tert.-butyl. If R^q and R^ are identical, then as alkyi they most preferably signify Isopropyl or tert.4Dutyl. 

[0020] R^o ^^^» definition of cycloalkyi preferably contain 5 to 8, most preferably 5 or 6 ring carbon atoms. 
Examples of cycloalkyi are cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl and cyclododecyl. Preference 
is given to cyclopentyl and cyclohexyl, and especially cyclohexyl. 

[0021] The cycloalkyi may be substituted, for example by 1 to 3 atkyi or alkoxy substituents; examples of such sub- 
so strtuents have already been given. Preference is given to methyl and ethyl, as well as methoxy and ethoxy. Examples 
of substituted cycloalkyi are methyl- and methoxycyclopentyl and -cyclohexyl. 

[0022] R^o^^clRii in thedefinitionofsubstltuted phenyl preferably contain 1 or2 substituents. Where phenyl contains 
2 or 3 substituents, these may be Identical or different. 

[0023] Examples of alkyi and alkoxy substituents have already been given; preferred alkyi and alkoxy substituents 
ss for phenyl are methyl, ethyl and methoxy and ethoxy. 

[0024] If the phenyl substituent is halogen, this is preferably -F, -CI and -Br. 

[0025] If the phenyl substituent is Ci-Cs-fluoroalkyI, this Is partly or wholly fluorinated Ci-C-alkyl. Examples thereof 
are the position isomers of mono- to decafluoropentyl, mono- to octafluorobutyl, mono- to hexafluoropropyl, mono- to 
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tetrad uoroethyi and mono- and difluoromethyl. Of the partly fluortnated alkyl radicals, those of formulae -CF2H and 
-CF2(Ci-C4*alkyi} are preferred in particular. A perfiuorinated alkyl is especially preferred. Examples thereof are per- 
fiuoropentyl, perfluorobutyl, perfluoropropyl, perfiuoroethyl and in particular trifluoromethyl. The fluorine-substituted 
alkyl groups are preferably bonded In positions 3, 4 and 5. 
5 [0026] R^2' 1^13 ^14 ^® linear or branched alkyl, which preferably contains 1 to 8, most preferably 1 to 4 
carbon atoms. Examples of alkyl have already been given. The preferred alkyl Is methyl, ethyl, n-propyl, n-butyl and 
tert.-butyl. The substituent -SIR^2^i3Ri4 *s most preferably trimethylsilyl. 

[0027] Of the acidic phenyl substituents -SOsM, -002^ and -PO3M, the group -SO3M and -CO2M is preferred. M is 
preferably H, Li, Na and K. 

10 [0028] R^e and R^y as alkyl preferably contain 1 to 6. most preferably 1 to 4 carbon atoms. The alkyl is preferably 
linear. Preferred examples are methyl, ethyl, n-propyl and n-butyl. R^g as alkyl Is preferably methyl. 
[0029] X* as the anion of a monobasic acid is preferably CI', Br or the anion of a carboxytic acid or sulphonic acid, 
for example formate, acetate, trichloroacetate or trif luoroacetate. 

[0030] Preferred examples of R^q and R^^ as substituted phenyl are 2-methyl-, 3-methyl-, 4-methyl-, 2- or 4-ethyl-, 
15 2- or 4-isopropyl-, 2- or 4-tert.-butyl-, 2-methoxy-, 3-methoxy-, 4-methoxy-, 2-or 4-ethoxy-, 4-trimethylsilyl-, 2- or 
4-fluoro-, 2,4-difluoro-, 2- or4-chloro-, 2,4-dichloro-, 2,4-dimethyl-, 3,5-dlmethyl-, 2-methoxy-4-methyl-, 3,5-dimethyl- 
4-methoxy-, 3,6-dimethyl-4-(dimethylamino)-, 2- or 4-amino-, 2- or 4-methylamino-, 2- or 4-(dimethylamino)-, 2- or 
4-SO3H-, 2- or4-S03Na-, 2- or 4-[+NH3C|-l-, 3,4,5-trimethylphen-1-yl. 2,4,6-trimethylphen-1-yl, 4-trifluoromethyl-phe- 
nyl or 3,5-di-(trifluoromethyl)-phenyl. 
20 [0031] Especially preferred examples of R^q and R^^ are cyclohexyl, tert.-butyl, phenyl, 2- or 4-methylphen-1-yl, 2- 
or4-methoxyphen-1-yl, 2- or 4-(dimethylamino)phen-1-yl, 3,5-dimethyl-4-(dimethylamlno)phen-1-yl and 3,5-dlmethyl- 
4-methoxyphen-1-yl, but most preferably cyclohexyl, phenyl, 4-methylphen-1-yi and tert.-butyl. 
[0032] Another prefen'ed group of compounds is obtained if R^q ^11 s'gnify unsubstituted phenyl or mono- or 
disubstituted phenyl. 

25 [0033] A further group of especially preferred compounds is obtained if R^q and R^^ are identical and denote phenyl, 
cyclohexyl, 2- or 4-methylphen-1-yl, 2- or 4-methoxyphen-1 -yl, 2- or 4-(dimethylamino)phen-1-yl, 3,5-dimethyl- 
4-(dlmethylamino)phen-1-yl and 3,5-dimethyl-4-methoxyphen-1-yl; R^q and R^i are most preferably identical radicals 
and signify cyclohexyl or phenyl. 

[0034] In the context of this invention, functional group means that this group fonns a chemical bond by addition or 
30 substitution with other functional groups. 

[0035] At the functional groups, chain lengthening may be undertaken for example and/or a polymerisable group 
may be bonded by known methods. Known methods are for example etherification, esterification, amidation, urea 
formation and urethane formation. 

[0036] Processes for the derlvatisation of functional groups are known from organic chemistry textbooks (E. Breit- 
35 maier, Gunther Jung; Organische Chemie II (1983); Georg Thieme Verlag Stuttgart, New York pp.342, 409ff). 

[0037] Examples of C-bonded functional groups are the carboxylic acid, carboxylate, carboxylic acid ester, carboxylic 
acid amide, cartDoxylic acid halide, cyano, imino, aldehyde, ketone, amine, alcohol, isocyanate, halogen or glycldyl 
group. 

[0038] The functional group may also be a polymerisable group, and in this case is preferably a vinyl group that Is 
40 unsubstituted or substituted by Ci-C4-alkyl. 

It may be bonded, for example, by an amide or ester group to the bridging group. 

[0039] The polymerisable group may be derived from ethylenlcally unsaturated alcohols, amines and isocyanates, 
for example allyl alcohol, allyl amine, allyl isocyanate, croton alcohol; monoesters ormonoamtdes of dicarboxylic acids 
and unsaturated alcohols and amines; functional styrenes, for example chloromethylstyrene, hydroxystyrene, hydrox- 
ys yethoxystyrene, styreneamine, styrene-hydroxyethylamine, styrenecarboxylic acid, styrenesulphonic acid, vinyl hy- 
droxyethylether, acrylic acid, methacrylic acid, acrylic and methacrylic acid amide, acrylic- and methacrylic acid-C2-Ce- 
hydroxyalkyl-amide, acrylic- and methacrylic acid-Cg-Cg-hydroxyalkyl-ester. 

[0040] The functional group which Is bonded by a bridging group B to one of its carbon atoms preferably signifies 
an amine, alcohol, isocyanate, carboxylic acid, carboxylic acid ester, carboxylic acid amide, carboxylic acid halide 

50 group or a polymerisable group. 

[0041] Linkage by means of these functional groups may be earned out by generally known processes. It Is funda- 
mentally also possible to transform existing functional groups into other functional groups, for example -CHgOH groups 
by oxidation into carboxylic acids, carboxylic acids into amides or halldes, amine groups into isocyanate groups, alco- 
hols or amines into carbonates or urethanes. Furthenmore, it is possible to react alcohols or amines first of all with 

55 halocarboxyllc acids (for example chloroacetic acid). Chain extenders, for example epoxides, azlrldlnes, diols, di- 
amines, dicarboxylic acids or dicarboxylic acid esters and diisocyanates, may also be used once or repeatedly In series, 
thus specifically detenmining the length of the extending group. These linking methods and processes are known and 
are described in specialist literature. 
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[0042] If the functional group FU signifies (O)C-H, (0)C-{Ci-Ci2)-a'kyl. COOH, COCI or C00(Ci-C6)-alkyl. these 
groups can also be converted into other functional groups by reduction, transesterification or other known standard 
reactions from organic chemistry. For example, the aldehyde group is easily converted Into an amine group by means 
of a reaction with an amine and subsequent hydrogenatlon. Reduction to the alcohol with, for example, LiAIH4 is likewise 
possible. 

[0043] If the functional group signifies OH, NH2 or NH(Ci-Ci2-alkyl), it can be f unctionalised to an oxyalkylsilyl group 
by means of a reaction with a compound of fomriula (Ri8)n(Ri9O)3-n"Si-R20"NCO, whereby R20 is Ci-Ci2-alkylene, R^g 
is CyC^2 all<yli F^ia is CyC^^\ky\ or OR^g and n is 0, 1 or 2. 

[0044] The bridging group B may contain 1 to 30 atoms, preferably 1 to 20 atoms, and most preferably 1 to 12 atoms 
in the chain, selected from the group C, O, S and N. The bridging group in question is preferably hydrocariaon radicals, 
that may be interrupted by one or more hetero atoms from the group O, S and N and/or the group C(0). 
[0045] The bridging group B may correspond to formula (IV) 

-(Rioo)-Xr ("V). 

wherein is a direct bond, or is selected from the group -C(0)-, -O-C(O)-, -SO2-, -O-SO2-, -NRiorC{0)-, -NR^orC 
(O)-, -NRiQ^S02- or -NRiorS02-, wherein 

R^o^ is H or C^-CsQ-aikyl, C5- or Cg-cycloalkyl, C5- or Ce-cycloalkylmethyl or -ethyl, phenyl, benzyl or 1-phenyleth-2-yl 
and R^QQ is a bivalent bridging group. 

[0046] R^oi defined as alkyi preferably contains 1 to 6, most preferably 1 to 4 carbon atoms. Some examples are 
methyl, ethyl, n- or isopropyl, butyl, hexyi and octyt. R^q^ defined as cycloalkyi is preferably cyclohexyl, and defined 
as cycloalkylmethyl Is cyclohexylmethyl. In a preferred embodiment, R^qi H or C^-C4-alkyl. 
[0047] The bivalent bridging group R^qq is preferably a hydrocarbon radical, which preferably contains 1 to 30, more 
preferably 1 to 18, most preferably 1 to 12, partlculahy preferably 1 to 8 carbon atoms, and is unsubstituted or mono- 
or polysubstltuted by C^-C4-alkyl, Ci-C4-alkoxy or =0. The hydrocarbon radical may also be Interrupted once or many 
times by hetero atoms selected from the group -0-, -S- and -NR^or, whereby R^oi 's preferably H or C^-C4-alkyl. 
[0048] The bivalent bridging groups R100 may be for example C1-C20-, preferably C2-C^2-alkyls, which can be linear 
or branched. Some examples are methylene, ethylene, 1,2- or 1 ,3-propylene, 1,2-, 1,3- or 1 ,4-butylene, pentylene. 
hexylene, octylene, dodecylene, tetradecylene, hexadecylene and octadecylene. 

[0049] The bivalent bridging group R^qo ^ay be for example polyoxaalkylene with 2 to 12, preferably 2 to 6, most 
preferably 2 to 4 oxyalkylene units and 2 to 4, preferably 2 or 3 cariaon atoms In the alkylene. It is most preferably 
polyoxyethytene and polyoxypropylene with 2 to 6 oxyalkylene units. 

[0050] The bivalent bridging group Riqo may be for example C^-C^2'* preferably Cg-Cg-, most preferably C5- or Cg- 
cycloalkyl, for example cyclopentyiene, cyclohexylene, cyclooctylene or cyclododecylene, 

[0051] The bivalent bridging group R^qo may be for example C5-C12-, preferably Cg-Cg-, most preferably C5- or Cg- 
cycloalkyl-Ci -Cig- and preferably -Ci-C4-alkyI. Some examples are cyclopentyl-CnH2n- and cyclohexyl-CnH2n-, where- 
in n is a number from 1 to 4. -Cyclohexyl-CH2- is prefen^ed in particular. 

[0052] The bivalent bridging group Riqo may be for example Cs-Cij-. preferably Cs-Cg-, most preferably C5- or Cg- 
cycloalkyl-(Ci-Ci2-alkyl)2- and preferably (-Ci-C4-alkyl)2. Some examples are cyclopentyl-(CnH2n-)2 and cy- 
clohexyl-(CnH2n-)2. wherein n is a number from 1 to 4. -CH2-cyclohexyl-CH2- is preferred In particular. 
[0053] The bivalent bridging group R^qo may be for example Cg-Ci4-arylene and preferably Cg-Cig- arylene, for 
example naphthylene or more preferably phenylene. 

The bivalent bridging group R^qq may be for example C7-C2o-aralkylene and preferably 07-0^2*^''^"^'®"® ^^^^ P"*®' 
f erred is arylene-CnH2n-, wherein arylene Is naphthylene and especially phenylene and n is a number from 1 to 4. 
Examples are benzylene and phenylethylene. 

[0054] The bivalent bridging group R^qq may be for example arylene-(CnH2n-)2"» wherein arylene is preferably naph- 
thylene and especially phenylene, and n is a number from 1 to 4. Examples are xylylene and phenylene(CH2CH2)2-. 
[0055] A prefen-ed group of compounds is formed if B signifies unsubstituted linear or branched Ci-Ci2-alkylene, 
^2"^i2"®"^®'^y'®'^®» C2-C^2'^'*^'^y'®rie, C5-Ci2-cycloaikylene, C5-Ci2-cycloalkenylene, phenylene, phe- 
nylene-(Ci-Ci2)-alkylene, or B signifies linear or branched C^-C^2' alkylene, Cg-Cig-aikenylene, C2-Ci2-alkynylene, 
C5-Ci2'Cycloalkylene, C5-C^2-cycloalkenylene, phenylene or phenylene-(Ci-Ci2)-alkylene substituted by C^-C4-alkyl, 
Ci-C4-alkoxy, halogen or hydroxy, and 

FU Is halogen, OH. NHg, NH{Ci-Ci2)-alkyl, (O)C-H. (0)C-(Ci-Ci2)-alkyl, COOH. COCI. COO{Ci-C6)-alkyl. -NCO or a 
group 0C(0)-CRc=CRjjRq or OC(NR,)-CRj.=CRdRe , wherein R^, R^, ^^"^1 R| independently of one another, signify 
hydrogen, C^-Cg-alkyl or phenyl. 

[0056] If group B signifies linear or branched Ci-Ci2-alkylene, C2-Ci2"alkenylene, C2-C12- alkynylene, Cg-Cig-cy- 
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cloalkylene, C5-Ci2*^cloalkenylene, phenylene or phenylcne-(Ci-Ci2)-aikyiene substituted by halogen or hydroxy, 
then at least two functional centres may be present together with the functional group FU. and these can be used for 
further reactions or for chain extending. 

[0057] B is most preferably unsubstituted or halogen- or OH-substltuted linear or branched CyC^2' alkylene. 
[0058] Examples of alkylene are methylene, ethylene, the various position isomers of propylene, butylene, pentylene. 
hexylene, heptylene, octylene, nonylene, decylene, undecylene, dodecylene. Examples of substituted alkylenes are 
1 - or 2-hydroxypropytene, 1 2- or 3-hydroxybutylene, the various position isomers of chloropropylene and chlorobuty- 
lene. Examples of alkenylene are propenylene, butenylene, pentenylene or hexenylene. 
[0059] B as cycloalkylene preferably contains 5 to 8, most preferably 5 or 6 ring carton atoms. 
[0060] Examples of cycloalkylene are cyclopentylene, cyclohexylene, cycloheptylene, cyclooctylene, cyclodecylene, 
cycloundecylene and cyclododecylene. Preference is given to cyclopentylene and cyclohexylene, and especially cy- 
clohexylene. Cycloalkylene may be substituted by C^-C4-alkyl, C^-C4-alkoxy, halogen or hydroxy. Examples of such 
substituents have already been given. Preferred substituents are halogen, OH, methyl and ethyl, as well as methoxy 
and ethoxy. Examples of substituted cycloalkylene are hydroxycyclohexylene, methyl- and methoxycyclopentylene 
and -cyclohexylene. 

[0061] Examples of cycloalkenyiene are cyclop entenylene, cyclohexenylene, cycloheptenylene, cyclooctenylene, 
cyclodecenylene, cycloundecenylene and cyclododecenylene. Preference is given to cyclopentenylene and cyclohex- 
enylene, and especially cyclohexenylene. 

[0062] B when defined as phenylene or phenylene-(C^-C^2)~^IM®ne> substituted by Ci-C4-alkyl, C^*C4-alkoxy, hal- 
ogen or hydroxy, preferably contains 1 or 2 substituents. Where phenylene contains 2 or 3 substituents, these may be 
identical or different. Examples of alkyi and alkoxy substituents have already been given; preferred alkyl and alkoxy 
substituents for phenylene are methyl, ethyl and methoxy and ethoxy. If the phenylene substituent is halogen, this is 
preferably -F, -CI and -Br. Prefen^ed phenylene-C^-C^2)'^'M&ne are phenylenepropylene, phenyleneethylene or the 
benzylene group. 

[0063] Some preferred examples of compounds of fomnula III are those of fomnula 




wherein Re and R7 denote identical or different secondary phosphlne groups, 

R21 is H, NH2(CH2)3-, (Ci- or C2-alkoxy)3Si(CH2)3NHC(0)-. 

R22 signifies HOCHg-, H2NCH2-, NC-(CH2)2-OCH2- HgN-CCHgja-OCHa- or H2N-(CH2)3-HNCH2-, 

R23 Is HO-(CH2)2-0- or HO-(CH2)3-0-. H2N-(CH2)2-0- or H2N-(CH2)3-0-, and R24 has the same significance as 

R23 or is methoxy. 

[0064] A f u rther aspect of the Invention is metal complexes of f omiulae V, Va and Vb of d-8 metals with the compounds 
of fomnula III, 
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(Vb), 



whereby Rg, R7, Rg and Rg have the above-mentioned significances and preferences; 

25 

Y denotes two monoolefin ligands or one diene ligand; 
Me signifies a d-8 metal selected from the group Ir and Rh; 
D Is -CI, -Br or -I; and 

E Is the anion of an oxyacid or complex acid; 
30 X2 and X2' are identical or different and have the significance of D and E, or X2 and X2 are allyl or 2-methylallyl, 
or X2 has the significance of D and E and X2' Is hydride. 



[0065] Metal complexes in which Y is 1 ,5-hexadiene, 1 ,5-cyclooctadiene or norbornadiene are preferred. In the metai 
complexes according to the invention, D is preferably -CI, -Br or -I. In the preferred metai complexes, E is CI04-, 

35 CF3SO3-, CH3SO3 . HSO4-, BF4, B(Phenyl)4 , PFg', SbCig, AsFg or SbFg. 

[0066] Further ruthenium complexes that may be considered are known in literature and are described for example 
In US 4,691,037, US 4,739,085, US 4,739,084, EP 269395, EP 271310, EP 271311, EP 307168, EP 366390, EP 
470756, JP 08081484. JP 08081485, JP 09294932, EP 831099. EP 826694, EP 841343, J. P. Gen§t, Arcos Organics 
Acta. 1 (1995) 4, N.C. Zanetti et ai., Organometaillcs 15 (1996) 860. 

40 [0067] The metal complexes of fomiuiae V, Va or Vb are produced by methods known in literature. 

[0068] The compounds of fonnulae V, Va and Vb represent catalysts that are already homogeneous and can be 
used, for example, for hydrogenation of unsaturated organic compounds. 

[0069] The metal complexes are preferably used for the asymmetric hydrogenation of prochirai compounds with 
carbon/carbon or carbon/hetero atom multiple bonds, in particular double bonds. Hydrogenatlons of this type with 
45 soluble homogeneous metal complexes are described, for example, In Pure and Appl. Chem., Vol. 68, No. 1, pp. 
131-138 (1996). 

[0070] The compounds of formula III may be covalently bonded to inorganic or organic carriers in a simple manner. 
A further aspect of the Invention Is Inorganic or organic polymeric carriers, to which diphosphlnes of fonnula III 

50 
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are bonded. These are characterised in that they are bonded by the functional group FU of radicals Rg, Rg or Rg and 
Rg to the inorganic or polymeric organic carrier, whereby the radicals Rg, R7, R3 and Rg have the above-mentioned 
significances and preferences. 

[0071] The diphosphines of formula III are preferably bonded to the surface of these carriers. This has the advantage 
that catalytically active groups of corresponding d-8 metal complexes are also accessible and no inclusion occurs. In 
this way, during hydrogen ation, less catalyst-containing earner can also be used. 

[0072] If the compounds of fomnula III are bonded to inorganic carriers, the functional group FU thereof is advanta- 
geously first of all reacted with an alkoxysilylalkyi isocyanate, for example a compound of fomriula (VI) 

(R25)n(R260)3-nSi-R27-NCO (VI), 

wherein R27 Is C^-Cig-alkylene, R26 is 0^-0^2 ^'^y'. ^25 Ci-C4-alkyl or OR26 and n is 0, 1 or 2; FU In formula III in 
this case Is defined as OH, NH2 or NH-(Ci-Ci2)"Q'M- Compounds of fomnulal (Ilia) are obtained, 




wherein the group B-FU in radicals Rg and Rg is a radical of fonnula 

-X3-C(0).NH-R27-Si(R25)n(R260)3^ 

wherein X3 signifies -0-, -NH- or -N{Ci-C4-alkyl), and n, R25, R26 and R27 have the above-mentioned significances. 
These compounds are Intemriediates In the preparation of diphenyldlphosphlnes bonded to inorganic carriers. 
[0073] A further aspect of the invention is a solid inorganic carrier, which is characterised in that it has diphosphine 
ligands of formula Ilia bonded at the surface by one or two silyl groups of the radical of formula 

-X3.C(0)-NH-R27-Si(R25)n(R260)3^ 

[0074] During this bonding, 1 , 2 or 3 alkoxy groups in the silyl radical can be replaced by bonds. 
[0075] The solid carrier in question may be silicates and semi-metal or metal oxides, as well as glass, which preferably 
exists as powders with average particle sizes of 1 0 nm to 2000 ^im, preferably 1 0 nm to 1 000 ^im, most preferably 1 0 
nm to 500 nm. The particles may be both compact and porous. Porous particles preferably have high internal areas, 
for example 1 to 1 200 m^, preferably 30 to 600 m^. Examples of oxides and silicates are SIO2, TiOg, Zr02, MgO, NiO, 
WO3, AI2O3, La203, silica gels, clays and zeolites. Preferred carriers are silica gels, aluminium oxide, titanium oxide 
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or glass and mixtures thereof. One example of glass as a carrier Is "Controlled Pore Glass', which Is available com- 
mercially. 

[0076] Preparation of the diphosphlne ligands of fomnula Ilia, which are bonded to inorganic carriers. Is described 
in WO 98/01457. 

5 [0077] Owing to the presence of alkoxysilane groups, the compounds of fomnula Ilia may also be reacted directly to 
polysiloxanes in a sol-gel process. Reactions of this type have been described for example by U. Deschler et al. in 
Angew. Chem. 98, (1986), 237-253. 

[0078] A further aspect of the invention is organic polymeric carriers, to which diphenylphosphlnes of fonmula III 

10 



15 




20 

are bonded by at least one -OH, NHg group or functional group FU, whereby the radicals Rg, R7, Ra und Rg have the 
above-mentioned significances and preferences. These carriers include both polymers which contain as structural 
elements the diphenyldiphosphines of formula III, which are bonded by at least one -OH, NHg group or functional group 
25 FU, and polymer particles in which the diphenyldiphosphines of fomnula III, which are bonded by at least one -OH, NHg 
group or functional group FU, are bonded to functional groups at the suriace of the particles. 
[0079] The organic polymeric carriers may be uncrosslinl<ed thermoplastic, crossllnked or stmcturally crossllnlced 
polymers, which contain functional groups. 

[0080] The polymers containing functional groups may be either polymers of olefinically unsaturated monomers, for 
30 example polyolefins, polyacrylates, polyisoprene, polybutadiene, polystyrene, polyphenylene, polyvlnychloride, poly- 
vlnylidene chloride or polyallyl compounds, polyaddition compounds, for example polyurethanes or polyethers, or poly- 
condensated products, for example polyesters or polyamldes. 

[0081] The monomers which form the polymer are preferably selected from the group styrene, p-methylstyrene or 
a-methylstyrene, which contain functional groups. Another preferred group of polymers is fomned by monomers that 

35 are derived from a,p-unsaturated acids, their esters or amides. Particularly prefen-ed are monomers from the group of 
acrylatesand their Ci-C4-alkylesters, methacrylates an d their Ci-C4-alkylesters, aery lamide and acrylonitrile. An equal- 
ly preferred group is derived from monomers from the group of acrylates and their Ci-C4-allcylesters, methacrylates 
and their Ci-C4-alkyIesters, which contain as structural elements, in bonded form, a hydroxyl group or a primary or 
secondary amine group as functional groups in the ester group. 

40 [0082] Bonding of the diphenyldiphosphines of fomnula III to the polymeric carriers may take place in various ways. 
[0083] One preferred group of polymerically bonded compounds of fonnula III is fomned in such a way that FU illus- 
trates an olefinically unsaturated radical which is bonded by an ester group 0C(0)-CRg=CR5jRg or an amide group OC 
(NRf)-CRc=CI=^dRe to the bridging group B, wherein R^.Rd. Rg und R, Independently of one another, are hydrogen or 
C^-Ce-alkyt, and these are used as comonomers in the radical polymerisation of olefinically unsaturated further mon- 

45 omers. Examples and preferences of further monomers are mentioned above. For the remaining radicals of the com- 
pounds of formula III, the above-mentioned significances and preferences apply. 

[0084] Radical polymerisation Is effected in known manner, and a copolymer Is obtained which contains diphenyld- 
Iphosphlne ligands In bonded form. 

[0085] Another possibility Is a polymer-analogous reaction, such as that described by R. Cullen et. al. in J. of Orga- 

50 nometallk: Chemistry, 333 (1 987), 269-280, 

[0086] Polymer-analogous reactions are possible with polycondensates, such as polyesters, polyamines, which con- 
tain directly in aside chain or in the polymer chain a further functional group that Is capable of condensation. Examples 
are hydroxyl-grcup-containing polyesters or polyethers, which can be reacted with compounds of formula III, whereby 
in this case the functional group FU preferably signifies -C00(Ci-Ci2)-alkyi or -COCi. 

55 [0087] A further group of preferred polymers that are suitable for polymer-analogous reactions is fomned by mono- 
mers which contain vinyl alcohol as a homopolymer or vinyl alcohol as a copolymer with vinyl acetate, stearate, ben- 
zoate, maleate, vinyl butyral. allyl phthalate, allyl melamine. 

[0088] Suitable polymers which are equally preferred for polymer-analogous reactions are fomfied from phenol and 
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a C^-C4-aldehyde, most preferably from phenol and fomrialdehyde. The polymers are known as phenol-formaldehyde 
resins, especially as novolaks, and are available commercially. 

[0089] Another preferred group of polymers which are suitable for polymer-analogous reactions is derived from bis- 
glycidyl ethers and diols. These are hydroxyl-functional polyethers, which are produced for example from btsglyctdyl 
5 ethers and bisphenol A. These polyepoxides may be built up from diepoxide comonomers with preferably 6 to 40. most 
preferably 8 to 30 carbon atoms, and diols as comonomers with preferably 2 to 200, most preferably 2 to 50 carbon 
atoms. One prefen^ed group derived therefrom is fomried from monomers, which build up a polymer from cyclic CyC^' 
ethers or C2-C5-allcylene glycols with bisgtycldyl ethers. The bisglycldyl ethers may be aromatic, aliphatic or cy- 
cloaltphatic. 

10 [0090] Further preferred polymers with hydroxyl groups as functional groups are polysaccharides. Especially pre- 
ferred are partial cellulose acetates, propionates or butyrates, partial cellulose ethers, starch, chitin and chitosan. 
[0091] Further polymers are derived from polymers having reducible groups, for example nitrile groups, ketone 
groups, carboxylic acid esters and carboxylic acid amides. 

[0092] Insoluble polymers may also be used in the reaction medium, and these are functionalised at the surface with 
15 hydroxyl or amine groups by means of a chemical or physical process. For example, partially unsaturated polymers 
are provided at their surface with hydroxyl groups by means of oxidation, e.g. with hydrogen peroxide. Another possi- 
bility is plasma treatment in, for example, an oxygen atmosphere, nitrogen atmosphere or ammonia atmosphere. The 
polymers are preferably present as powders. Of these carriers, polystyrene is preferred in particular, and this is sub- 
sequently functionalised by known methods with hydroxyl, amino or hydroxymethyl groups. 
20 [0093] An especially prefen^ed group is f ornied by a polymeric organic material with structural elements, in which at 
least one isocyanate group FU in compounds of fonmula III is bonded to hydroxyl or amine groups, forming a urethane 
or urea bond, whereby the hydroxyl or amine groups are bonded directly or in a side chain of the polymer chain. 
Monomers of fomnula III with isocyanate groups are obtainable in a simple manner by reacting diisocyanates with 
amine- or hydroxyl-functional compounds of fomnula Mi. 
25 [0094] The diphenyldiphosphine radicals of fomnula III may be present as enantiomer mixtures. The radicals are 
preferably present in the form of the optically active isomers. 

[0095] One preferred group of immobilised polymers according to the invention is that in which hydroxy- or amlno- 
functional polymers are first of all reacted with one isocyanate group of diisocyanates and then the second isocyanate 
group is reacted with a hydroxy- or amino-functional diphosphine of fomnula III. 

30 [0096] The choice of diisocyanate Is in itself not critical. Suitable diisocyantes that are available on a large scale are 
described for example in Houben Weyl, Makromolekulare Stoffe, volume E 20, pages 1587 to 1583, 1987 edition. 
[0097] Preference is given to diisocyanates with a bridging group Q, which is selected from the group linear or 
branched, aliphatic C2-C2o-alkyl which is unsubstituted or mono- to polysubstituted by CyC^ -alkyi, CyC^ -alkoxy; 
OyOQ -cycloalkyi or heterocycloalkyi which is unsubstituted or mono- to polysubstituted by C^-Cg -alkyl, C^-Cq -alkoxy; 

35 linear or branched aliphatic Cg-CgQ-alkyl unsubstituted or substituted by C^-Cg -alkyI, C.|-Cg -alkoxy and interrupted by 
C3-CQ -cycloalkyi or heterocycloalkyi which is unsubstituted or substituted by C^-Cg -alkyI, C^-Cg -alkoxy; phenyl, naph- 
thyl, biphenyl or Ca-CiQ-heteroaryl either unsubstituted or mono-to polysubstituted by CyC^ -alkyI, Ci-Cg -alkoxy; linear 
or branched aliphatic C2*C2o-alkyl which is unsubstituted or substituted by C^-Cg -alkyI, C^-Cg -alkoxy and is interrupted 
by phenyl, naphthyl or Ca-CiQ-heteroaryl. 

40 [0098] Heterocycloalkyi is e.g. pyrrolidine, piperidine, morpholine, oxazolidine, dioxolan or an isocyanuric acid triester 
group. 

[0099] Heteroaryl is for example pyridine, pyrimidine, pyrrole, furan, imidazole, pyrazole or triazine, 

[0100] Especially preferred diisocyanates are 1 ,6-bts-[isocyanate]-hexane, 5-isocyanate-3-(isocyanatemethyl)- 

1 ,1 ,3-trimethylcyclohexane, 1 ,3-bis-[5-isocyanate-1 .3,3-trimethyl-phenyl]-2,4-dioxo-1 ,3-diazetidine, 3,6-bis-[9-isocy- 

^5 anate-nonyl]-4,5-di-(1-heptenyl)-cyclohexene, bis-[4-isocyanate-cyclohexyl]-methane, traps-1 ,4-bls-[isocyanate]-cy- 
clohexane, 1 ,3-bis-[isocyanatemethyl]-benzene, 1 ,3-bis-[1 -isocyanate-1 -methyl-ethyl]-benzene, 1 ,4-bls-[2-cyanate- 
ethyl]-cyclohexane, 1 ,3-bis-[isocyanate-methyl]-cyclohexane, 1 ,4-bis-[1 -isocyanate-1 -methylethylj-benzene, bis-[iso- 
cyanate]-isododecylbenzene, 1 ,4-bis-[isocyanate]-benzene, 2,4-bis-[isocyanate]-toluene, 2,6-bis-[isocyanate]-tolu- 
ene, 2,4-/2,6-bis-[isocyanatel-toluene, 2-ethyl-1 ,2,3-tris-[3-isocyanate-4-methyl-anilinocarbonyloxy]-propane, N,N'- 

50 bis-[3-isocyanate-4-methylphenyl]-urea, 1,4-bis-[3-isocyanate-4-methylphenyl]-2,4-dioxo-1 ,3-diazetidine, 

1 ,3,5-tris-[3-isocyanate-4-methylphenyl]-2,4,6-trioxohexahydro-1 ,3,5-triazine, 1 ,3-bis-[3-isocyanate-4-methylphenyl]- 
2,4,5-trioxoimidazoIidine, bis-[2-isocyanate-phenyl]-methane, (2-isocyanatephenyl)-(4-isocyanate-phenyl)-methane, 
bis-[4-lsocyanate-phenyl]-methane, 2,4-bis-[4-isocyanate-benzyl]-1-isocyanatbenzene, [4-isocyanate-3-(4-isocy- 
anate-benzyl)-phenyl]-[2-isocyanate-5-(4-isocyanate-benzyl)-phenyl] methane, tris-[4-isocyanate-phenyl]-methane, 

55 1 ,5-bis-[isocyanate]-naphthaline, or 4,4'-bls[isocyanate]-3,3'-dimethyl-biphenyl . 

[0101] Particularly preferred diisocyanates are 1 ,6-bis[isocyanate]-hexan, 5-isocyanate-3-(isocyanate-methyl)- 
1 ,1,3-trimethylcyclohexane, 2,4-bis-[isocyanate]-toIuene, 2,6-bis-[isocyanate]-toluene, 2,4-/2,6-bis-[isocyanate]-tolu- 
ene or bis-[4-isocyanate-phenyl]-methane. 
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[0102] The polymers to be used according to the invention, which contain hydroxyl groups and amine groups, may 
be uncrossiinked thermoplastic, crosslinked or structurally crosslinked polymers. Examples of hydroxyl-group-contain- 
ing polymers are those mentioned above. 

[01 03] The polymers to be used according to the invention are known per se, partly commercial or may be produced 
s by known polymerisation processes or by subsequent modification of polymers. 

[01 04] The polymeric organic materials preferably have a molecular weight of 5000 to 5,000,000 dattons, most pref* 
erabiy 50,000 to 1 ,000,000 daltons. 

[0105] A preferred sub-group of polymeric organic materials is highly crosslinked macroporous polystyrene or poly- 
acrylate. 

10 [0106] Another preferred group of polymers is formed by weakly crosslinked polystyrene. An example thereof is 
polystyrene crosslinked with 1 -5% divinylbenzene. 

[0107] The particle size of the polymeric organic materials is preferably 1 0 ^ to 2000 ^m. 
[0108] The highly crosslinked polymeric organic materials preferably have a specific area of 20 m^/g to 1 000 m^/g, 
most preferably 50 rr^/g to 500 m^ g, detemnined by the BET method. 
15 [0109] Production of the diphenyldiphosphines that are bonded to inorganic or organic carriers may be effected 
analogously to the processes described in WO 98/01457. 

[0110] A further aspect of the invention is the d-8 metal complexes of inorganic or organic polymeric carriers, to 
which diphenyldiphosphines of fomnula VII, Vila or Vllb 

20 
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are bonded by at least one H0-, HgN- group or functional group FU, whereby the radteals Rg, R7, Rg, Rg, Me, E, Y. X2 
and X2' and the carrier have the above-mentioned significances and preferences. 
45 [0111] Production of metal complexes with the polymeric earner may take place by methods known in literature for 
the production of analogous homogeneous catalysts. 

[0112] A further aspect of the invention is diphenyldiphosphine llgands of formula 111 and their d-8 metal complexes 
of formulae VII, Vila and Vllb with a molecular weight of preferably less than 5000 daltons, which contain solubility- 
enhancing or adsorption-facilitating groups bonded to at least one H0-, H2N- or functional group FU, which groups 
so can be separated by extraction with immiscible liquids or by adsorption on a carrier. During extraction, it is preferable 
to use two immiscible liquids. When using such diphenyldiphosphines and the d-8 metal complexes thereof, there is 
almost no loss of metal or llgand. Therefore, using these extractable or adsorisable catalysts, large-scale hydrogenation 
may be carried out especially economically. A preferred group of soluble compounds is those that are soluble in aqueous 
media. 

55 [0113] Suitable Immiscible liquids that may be mentioned are, for example, water and organic solvents that are 
immiscible with water, such as alkanes (for example hexane), chlorinated alkanes (for example methylene chloride, 
chloroform), aryls (for example toluene, benzene, xylene) or esters (for example ethyl acetate) or organic solvent 
systems such as fluorinated hydrocarbons and hydrocarbons. 
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[01 1 4] Gamers that are suitable for adsorption are metal oxides, for example silica get, aluminium oxide, or reversed 
phase silica gel. polar and apolar polymers and ion exchangers (preferably for ligands with charged radicals). 
[01 1 5] Suitable solubility-enhancing or adsorption-facilttating radicals may be taken from the publication IT. Horvdth 
et al. in Science, Vol. 266, pages 72-75 (1994). 
5 [01 16] Preferred sotubility-enhandng radicals for extractable diphenyldiphosphines are, for example, lipophilic rad- 
icals which are derived from alkanes having a molecular weight of between 1 00 and 2000 dattons, or also hydrophilic, 
optionally charged radicals, which are derived from sugars, orfrom polymers, for example polyvinyl alcohols, polyacrylic 
acids, polyethylene glycols, polyvinyl toluene or dendrimers. 

[0117] Preferred adsorption-facilitating radicals are. for example, lipophilic radk:als which are derived from alkanes 

10 having a molecular weight of between 100 and 2000 daltons, and also fluoroalkanes. 

[01 18] Further examples of extractable or adsorbable radicals are those that are derived from polyethylene glycols, 
polyhydroxy hydrocarbons, polyamino hydrocarbons and the ammonium salts thereof, polycarboxyl hydrocarbons and 
the alkali metal salts thereof, polyhydroxy hydrocarbons or polyamino hydrocarbons, which are reacted with halo- 
carboxylic acids, polyvinyl alcohols, polyaryl acids and the alkali metal salts thereof, higher alkanes and perfluoroal- 

IS kanes. 

[0119] The metal complexes according to the invention are eminently suitable as catalysts for the hydrogenation of 
organic double and triple bonds. Examples are compounds which contain the groups C=C, C=N, C=0, C=C-N or 
C=C-0 (see for example K. E. Konig, The Applicability of Asymmetric Homogeneous Catalysis, in James D. Morrison 
(ed.). Asymmetrk: Synthesis, Vol. 5, Academic Press, 1985). The metal complexes according to the invention are 

^ especially suitable for the enantloselective hydrogenation of compounds having prochlral carbon double bonds and 
carbon/hetero atom double bonds. Examples of such compounds are prochiral alkenes, imines and ketones. 
[0120] After the reaction, the catalysts according to the invention may be practically completely separated from the 
reaction mixture in a simple manner, for example by decanting, centrifuging, filtration, ultrafiltration, extraction or ad- 
sorption, and reused. One particular advantage of this is that they can be reused several times without any notable 

25 losses of activity or selectivity . The catalysts which are f unctionaiised and immobilised according to the invention often 
have improved optical yields when compared with the previously known diphenylphosphine catalysts. 
[0121] A further aspect of the invention is therefore the use of the metal complexes of d-8 metals according to the 
invention as heterogeneous or homogeneous catalysts for the asymmetric hydrogenation of prochiral compounds with 
carbon double bonds or carbon/hetero atom double bonds. The metal complexes are preferably used forthe asymmetrk: 

30 hydrogenation of prochiral compounds with carbon double bonds or carbon/hetero atom double bonds, especially the 
Ir complexes for the hydrogenation of prochiral ketimines. 

[0122] A further aspect of the invention is a process for the asymmetric hydrogenation of compounds with carbon 
double bonds or carbon/hetero atom double bonds, which is characterised in that the compounds are reacted at a 
temperature of -20 to 80 and at a hydrogen pressure of 10^ to 2x1 0^ Pa in the presence of catalytic amounts of 
35 one or more metal complexes according to the invention, 

[0123] Catalysts are preferably employed in amounts of 0.0001 to 10 mol %, more preferably 0.001 to 10 mol %, 
most preferably 0.01 to 5 mol %, based on the compound to be hydrogenated. 

[0124] Hydrogenation may be carried out continuously or intermittently in various types of reactor. Preference is 
given to the reactors which allow comparatively favourable blending and good heat removal, e.g. loop reactors. This 

40 type of reactor has proved to be particulariy effective when using small amounts of catalyst. 

[01 25] The hydrogenated organic compounds that may be produced according to the invention are active substances 
or intermediates for producing such substances, especially in the field of pharmaceutical and agrochemical production. 
For example, o,o-dialkylarylketamine derivatives, especially those with alkyi and/or alkoxyalkyi groups, have fungicidal 
activity, especially heri3icidal activity. The derivatives in question may be amine salts, acid amides, e.g. of chloroacetic 

45 acid, tertiary amines and ammonium salts (see e.g. EP-A-0 077 755 and EP-A-0 115 470). 
[0126] The following examples Illustrate the invention. 

A) Preparation of halomethyldlphenyl dllodides 

50 Example Al : (R)-[6-bromomethyl-6'-methyldiphen-2,2'-diyl]bisiodide and (R)-[6.6'-dibromomethyldlphen-2,2'-diyl] 
bisiodide 

[0127] 3 g of (R)-[6-6'-dimethyldiphen-2,2'-diyl]bisiodide (6.91 mmols). 1.23 g of N-bromosuccinimide (6.91 mmols) 
and 30 mg of a,a'-azoisobutyronitrile are mixed under argon with 45 ml of CCI4 and heated under reflux for one hour. 
ss After adding a spatula tip of a,a -azobutyronitrile, heating under reflux takes place again for 24 hours. A spatula tip of 
a,a'-azobutyronitrile is again added and heating under reflux takes place for a further 14 hours. The mixture is con- 
centrated on a rotary evaporator and extracted with H2O/CH2CI2. The organic phase is separated, dried (MgS04), and 
concentrated on a rotary evaporator. After chromatography on silica gel (hexane -> hexane/ethyl acetate (ea) = 5/1), 
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1 .98 g of product Is isolated as an oil (56%, 3'^ fraction). 
[aJo= +63 (CH2CI2, 0 = 0.82). 

iH-NIVIR: 7.96 - 6.68 (m, 6 arom. H); 4.31 (d. J= 10.5; 1 H CHgBr); 4.08 (d, J = 10.5; 1 H CHaBr); 2.17 (s, 1 CH3). 
[0128] (R)-[6,6'-dibromomethyldlphen-2,2'-dlyl]blslodlde is obtained as a by-product In a yield of 9%. Mq + 52,3 
5 {CHCI3, c = 1,2) IH-NMR: 7.97 -7.2 (m, 6 arom. H); 4.26 (d. J = 10.9; 2 CHBr); 4.19 (d, J = 10.9. 2 CHBr). 

B) Preparation of hydroxymethyldlphenyl bisiodldes 

Example B1 : Preparation of R)-[6-hydroxymethyl-6'-methyl-diphen>2.2'-diyl]-bisiodide 

10 

[01 29] 1 4.38 g of the compound according to example A1 (0.028 mols) are dissolved in 350 ml of dioxane and mixed 
with a KOH solution (1 8.6 g in 300 ml of H2O). The mixture is heated over night under reflux, whereby a clear solution 
is obtained. After cooling to room temperature, the mixture is extracted with CH2CI2, the organic phase separated, 
dried (MgS04) and concentrated on a rotary evaporator. After recrystaliisatlon in cyclohexane. 12.1 g of white crystals 
15 are obtained (95.6%). Melting point: 1 20 *»C; [aJo = -25.3 (CHCI3, c = 0.73). 

^H-NMR: 7.96 -7.02 (m, 6 arom. H); 4.35 fd, J = 13.8; 1 H CHgO); 4.24 (d, J= 13.8; 1 H CHgO); 2.03 (s, 1 CH3); 1.72 
(s. 1 HO). 

C) Preparation of functional diphenyldiphosphines 

20 

[0130] Example CI: Preparation of 



25 




30 

0.47 g of CS2CO3 (1 .4 mmols) are mixed with 60 ml of absolute CH3CN and heated under reflux. 1 00 mg of (R)-6,6'- 
dihydroxy-diphenyl-2,2'-dlphenyIdiphosphine (0.18 mmols), dissolved in 5 ml of CH3CN, and 24.7 mg of epibromohy- 
drin (0.18 mmols), dissolved in 5 ml of CH3CN, are slowly added dropwise over the course of 14 hours using a spray 
pump. Afterwards, a further 8 mg of epibromohydrin (0.06 mmols) are added and heating continues for 2 hours under 
35 reflux. The solid residue is filtered and the solution concentrated on a rotary evaporator. After chromatography on silica 
gel (hexane/ea = 4/1), 40 mg of a white solid are obtained (36.3 %). 

When reacting 1 00 mg of (R)-6,6'-dihydroxy-diphenyl-2,2'-diphenyldiphosphine (0.18 mmols) with 39 mg of 1 ,3-dibro- 
mo-2-propanol (0.18 mmols) in the same way as before, 40 mg of the same product are isolated. Melting point: 122 
°C;[a]D = -290 (CHCl3,c=1), 

40 IH-NMR: 7.6 -6.85 (m, 26 arom. H); 4.48 (d, J = 12.9; 1 H CH2O); 4.33 (dd; J= 11 .2, 5.6; 1 H CHgO); 4.09 (d, J= 11 .2, 
1 H CHgO); 3.98 (dd, J = 12.9, 2.6; 1 H CHgO); 3.74 (m; 1 WCOH); 2.04 (d, J= 10.3, 1 HO); 3lP{lH}-NMR: -9.6 (s) 
[0131] Example C2 : Preparation of 




[0132] The reaction of 0.4 mg of (S)-6,6'-dlhydroxy-diphenyl-2,2'-diphenyldiphosphine (0.72 mmols) with 98 mg of 
epibromhydrin in analogous manner to that above yields 1 44 mg of the title compound (32.7 %). Melting point: 1 22 °C; 
[alo = +289 (CHCI3, c = 0.8). 
55 iH-NMR and 3ip{iH}-NMR identical to that of compound 01. 
[0133] Example 03 : Preparation of 



15 



EP 1002 801 B1 




[0134] The reaction of 0.1 g of (S,R)-6,6'-dihyclroxy-diphenyl-2,2'-diphenyld(phosphine (0,18 mmols) with 24.7 mg 
10 of epibromhydrin (0.18 mmols) in the same way as given in example CI yields 40 mg of product (36.3 %). Melting 
point: 220 **C. 

IH-NIVIR and 3iP{iH}-NMR identical to that of compound C1 . 
[0135] Example C4 : Preparation of 

15 



20 




100 mg of compound C1 (0.164 mmols) are dissolved in 6 ml of absolute CH2CI2. 122 mg of (3-isocyanatopropyl)- 
triethoxysilane (0.49 mmol) and 5 ml of dibutyltin-dilaurate are added dropwise. heated under reflux for 16 hours and 
25 concentrated on a rotary evaporator. After chromatography on silica gel (hexane/ea = 3/1 ), 95 mg of a white solid are 
obtained (67.6 %). Melting point: 74 ''C; [a]^ = -137.5 (CHCI3, c = 0.8). 

^H-NMR (CDCI3): (2 isomers by reversal of the propyl-triethoxysilane group on nitrogen in a ratio of 6.3 to 1) 7.75-6.65 
{m, 26 arom. H); 4.85 (m, 1 NH, 1 OCH); 4.7 (br. s, 1 NH)^,; 4.45 (br. dd, J= 11.6, 3.6; 1 H CHaOPh); 4.3 (br. d, J = 
11 .6; 1 H CH2Ph); 4.1 (br. dd, J = 11 .6. 7.1 ; 1 H CHgOPh); 3.95 (m. 1 H CHgOPh); 3.85 {q, J=7;3 CHgO); 3.16 (m, 1 
30 CH2N)gp 2.82 {m, 1 CHgN),^,; 1 .63 (m, 1 CHfiH^N)^', 1 .50 {m, 1 CH^CHgN)^,; 1 .25 (t, J= 7; 3 CH3); 0.64 (dd, J= 8.3, 
7.2; 1 CHgSijgp 0.55 (m, 1 CHgSi)^!. 
31P{1H}-NMR: -10.11 (s)gp -9.88 (s)k, 

Example C5: 

35 

[0136] The reaction of 300 mg of compound C2 (0.49 mmols) with 365 mg of (3-lsocyanatopropyl)-triethoxysilane 
(1 .47 mmols) according to example C4, yields 260 mg of the (S)-stereoisomer (61 .7 %). Melting point: 76 ^C; [aJo = 
+138 (CHCI3, c = 0.77). 

1H-NMR and 3ip{iH)-NMR are identical to compound C4. 

40 

Example C6 : Preparation of (R)-[6-hydroxymethyl-6'-methyl-diphen-2,2'-diyl]-bis-(diphenylphosphine) 

a) (R)-[6-(t.-butyl-dlmethylsityloxomethyl)-6'-methyl-blphenyl-2,2'-diyl)-bisiodide 

45 [01 37] 1 2. 1 7 g of compound B1 (0.027 mols) and 4,44 g of imidazole (0.065 mols) are dissolved in 65 ml of degassed 
and dried dimethylformamide (DMF). 5.04 g of t.-butyldimethylsilyl chloride (0.033 mols) are added and stirred for 20 
hours at 35°C. The solvent is drawn off on a rotary evaporator and the oily residue is extracted with diethylether and 
water. The organic phase is separated, dried (MgS04), and concentrated on a rotary evaporator. After chromatography 
on silica gel (hexane/ea = 100/1), 14.68 g of a colourless oil are obtained (95.6 %). [aJo = +0.7 (CHCIa.c = 1.47). 

50 iR-NMR: 7.9 - 7.02 (m, 6 arom H); 4.35 (d, J= 14.4; 1 H CHgO); 4.15 (d, J= 14.4; 1 H CHgO); 2.02 (s. 1 CH3); 0.91 
{s, 3 CH3); 0.03 (s, 1 CHaSi); 0.01 (s, 1 CHaSi). 

b) (R)-[6-(t.-butyl-dlmethylsilyloxomethyl)-6'-methyl-biphenyl-2,2*-diyl]-bis-(diphenylphosphlne) 

55 [0138] 2.59 g of the above compound a) (4.59 mmols) are dissolved In 50 ml of absolute diethylether and cooled to 
-78 "C. 6.02 ml of lithium butyl solution (1 .6 M in hexane, 9.63 mmols) are slowly added dropwise, and the solution is 
stirred for 5 hours at -78*'C. 2,53 g of chlorodiphenylphosphine (11.47 mmols; 2.12 ml) are added dropwise, and the 
mixture is then heated to room temperature. After 20 hours under reflux, the mixture is concentrated on a rotary evap- 
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orator and extracted with H2O/CH2CI2. The organic phase is separated, dried {MgS04), and concentrated on a rotary 
evaporator. After chromatography on silica gel (hexane/ea = 80/1 ), 1 .62 g of a white solid are isolated (51 .8 %). Melting 
point: Q/^C; [ajp = +7.3 (CHCI3, c = 0.91). 

^H-NMR: 7.51 -7.06 (m. 26 aronn. H); 3.75 (d. J= 13.3, 1 H CH2O); 3.45 (d. J= 13.3, 1 H CH2O); 1.46 (s, 1 CHgPh); 
5 0.81 (s, 3 CH3); -0.18 (s, 1 CHaSi): -0.20 (s, 1 CH3SI). 
3iP{iH}-NMR: -14.1 (d, J= 30); -14.8 (d, J= 30). 

c) (R)-[6-hydroxymethyl-6'-methyl-diphen-2,2*-dlyll-bls-(diphenylphosphine) 

10 [01 39] 1 .522 g of the above compound b) (2.4 mmols) are dissolved In 25 ml of absolute tetrahydrof uran (THF) and 
mixed with 67 ml of tetrabutylammonium fluoride solution (1 M in THF, 6.7 mmols). The solution is stirred over night 
(16 hours) and then concentrated in a rotary evaporator. After extraction with water/tert.-butylmethylether, the organic 
phase Is separated, dried (MgS04) and concentrated on a rotary evaporator. After chromatography on silica gel (hex- 
ane/ea = 3/1), 1 .11 g of a white solid are obtained, which Is recrystallised in methanol. A crystalline product Is obtained 

15 (white needles): yield 0.91 g (71 .8 %). Melting point: 21 5 *C: [a]Q = -20.4 (CHCI3. c = 0.84). 

1H-NMR: 7.40 -7.05 (m. 26 arom. H); 3.86 (dd, J = 13.7. 9; 1 H CHgO); 3.44 (dd, J= 13.7. 4.3; 1 H CH2O); 1.35 (s. 1 

CH3): 0.33 (dd, J= 9, 4.3; 1 HO). 

3lP{lH}-NMR: -13.6 (d, J=40.3); -13.9 (d, J=40.3). 

Example C7 : Preparation of (R)-[6-hydroxymethyl-6'-methyl-diphen-2,2'-diyI]-bis-(dicyclohexylphosphine) 

a) (R)-[6-(t.-butyl-dimethylsifyloxomethyl)-6'-methyl-blphenyl-2,2'-diyl]-bis-(dicyclohexylphosphine) 

[0140] 1 .21 g of compound C6(a) (2.14 mmols) are dissolved In 20 ml of absolute diethylether (EtgO) and cooled to 
25 -78 *C. 4.5 ml of lithium butyl solution (1 .6 M in hexane, 4.5 mmols) are then slowly added dropwise, and the solution 
is stirred for 2 hours at -78°C. 1 .24 g of chlorodicyclohexylphosphine (5.36 mmols) are added dropwise, and the mixture 
is then heated to room temperature. After 20 hours under reflux, the mixture Is extracted with H2O/CH2CI2. The organic 
phase Is separated, dried (MgSO^), and concentrated on a rotary evaporator. After chromatography on silica gel (hex- 
ane/ea = 1 00/1), 1 .35 g of a colourless oil are Isolated (89 %). This oil Is used further without further purification. P{^H) 
30 -NMR: -8.5 (d, J = 20.8); -9.2 (d, J = 20.8). 

b) (R)-[6-hydroxymethyl-6'-methyl-diphen-2,2'-dlyl]-bis-{dicyclohexylphosphine) 

[0141] 1 .348 g of the above compound a) (1 .91 mmols) are dissolved In 25 ml of absolute THF and mixed with 5.7 
35 ml of tetrabutylammonium fluoride solution (1 M In THF, 5.7 mmols). The solution Is stirred over night (1 6 hours) and 
then concentrated in a rotary evaporator. After extraction with water/tert.-butylmethylether, the organic phase is sep- 
arated, dried (MgS04) and concentrated on a rotary evaporator. After chromatography on silica gel under argon (hex- 
ane/ea = 4/1), 0.3 g of a white solid are isolated (26 %). M.p.: 213 *'C. 

1H-NMR(CD2CI2): 7.56 -7.21 (m, 6 arom. H);4.21 (d, J=12.9, 1 H CH2O); 4.10 (dd, J= 12.9. 1; 1 H CH2O); 2.15-0.80 
40 (m, 45 H: OH+Cy); 1 .91 (s, 1 CH3). 3lP{iH}-NMR: -8.9 (s) 

Example C8 : Preparation of (R)-[6-aminomethyl-6'-methyl-diphen-2,2'-diyl]-bis-(diphenylphosphine) 

a) (R)-[6-phthalimid-N-yl-methyl-6'-methyl-diphen-2,2'-diyl]-bis-(diphenylphosphine) 

45 

[0142] 0.173 ml (1 mmol) of azodicarboxylic acid diethylester (purity 90%) are added dropwise to a solution of 380 
mg (0.67 mmols) of compound C6(c), 352 mg (1 .34 mmols) of triphenylphosphine and 1 28 mg (0.87 mmols) of phthalim- 
Ide In 15 ml of THF, and the solution stln-ed over night. The solution is then concentrated on a rotary evaporator, the 
residue extracted In water/methylene chloride, the organic phase dried with sodium sulphate and concentrated on a 
50 rotary evaporator. After purification by chromatography (silica gel Merck 60; eluant = methylene chloride), 130 mg of 
product are obtained (white powder, yield 28%). 

^H-NMR (CDCI3): 7.86 - 7.6 (m, 4H, phthalimlde). 7.5 - 7.0 (m, 26 arom. H), 4.0 (d, J= 14.3, 1 H, CH2-N), 3.8 (d. J= 
14.3, 1 H, CH2-N), 1.59 (s, 3H. CH3), 3lp{iH}-NMR: -15.4 (s) 

55 b) (R)-[6-amlnomethyl-6'-methyl-diphen-2,2'-diyl]-bis-(dlphenylphosphlne) 

[0143] 128 mg (0.184 mmols) of the above compound a) in 1 0 ml of ethanol are heated under reflux for 4 hours with 
0.15 ml of hydrazine hydrate. The suspension which is obtained upon cooling is filtered, the residue washed with ethyl 
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acetate, and the filtrate concentrated on a rotary evaporator. After purification by chronnatography (silica gel Merck 60; 
eluant = ethanol/triethylamine 250:1), 95 nng of product are obtained (white powder, yield 91%). 
iH-NMR (CDCI3): 7.45 -7.0 (m. 26 arom. H). 3.05 (d. J= 12.3, 1 H, CHg-N), 2.69 (d. J= 12.3, 1 H, CHg-N). 1 .33 (s. 3H, 
CH3). 3iP{iH)-NMR: -14.0 (s) 

5 

Example C9 : Preparation of (R)-[6-p-cyanoethyloxymethyl-6'-methyl-dlphen-2,2*-dlyl]-bis-(dlphenylphosphrne) 

[0144] 0.107 ml (1.63 mmols) of acrylonttrile and then 0.005 ml of a 40% aqueous KOH solution are added to a 
solution of 300 mg (0.53 mmols) of compound C6(c) In 3 ml of dioxane, and the reaction solution is subsequently stin-ed 
10 for 24 hours. Then, the solution is concentrated on a rotary evaporator and the product is purified by chromatography 
(silica gel Merck 60, eluant = methylene chloride). 313 mg of product are obtained (white powder, yield 95%). 
iH-NMR (CDCig): 7.45 -7.0 (m, 26 arom. H), 3.68 (d, J= 12.5, 1 H, Ph-CHg-O). 3.19 (d, J= 12.5, 1 H, Ph-CHa-O), 3.13 
- 2.9 (m, 2H, O-CH2-CH2). 2.3 (t. 2H, CHg-CN), 1 .38 (s. 3H, CH3). 3^P{iH)-NMR: -14.7 (s) 

15 Example CIO : Preparation of (R)-[6-Y-aminopropyloxymethyl-6'-methyl-diphen-2,2'-diyl]-bis-(diphenylphosphine) 

[0145] A suspension of 325 mg (0.52 mmols) of compound C9 and 60 mg of LiAIH4 In 5 ml of diethylether is stin-ed 
over night. After adding 20 ml of diethylether, the mixture is hydrolysed with ca. 0.5 ml of water and the whole mixture 
is subsequently dried with sodium sulphate. The solution is concentrated by evaporation and the residue purified by 
20 chromatography (silica gel Merck 60, eluant = ethanol/triethylamine 100:1). 157 mg of product are obtained (yield 
45%). Compound C6(c) is fonned as a by-product. 

1H-NMR (CDCI3): 7.45 -7.0 (m, 26 arom. H), 3.6 (d, J= 12.5, 1 H, Ph-CHg-O), 3.17 (d, J= 12,5. 1 H, Ph-CHa-O). 2.96 
(m, 2H. O-CH2-CH2). 2.65 (t. J= 6.7. 2H, CHg-N), 1.52 (m. 2H. O-CHg-CHa), 1.4 (s. 3H, CH3). 

25 Example C1 1 : Preparation of (R)-[6-Y-trimethoxysilylpropylaminocart3onyIoxymethyl-6'-methy-diphen-2,2'-diyl]- 
bis-(diphenylphosphine) 

[0146] 209 mg of compound C6(c) (0.37 mmols) are dissolved in 5 ml of absolute CH2CI2. To this solution are added 
dropwise 322 mg of 3-(isocyanatopropyl)-triethoxysllane (0.49 mmols) and 5 ml of dibutylttn dilaurate. The solution Is 
50 heated under reflux over night and then concentrated in a rotary evaporator. After chromatography on silica gel (hexane/ 
ea = 4/1). 260 mg of a colourless oil are obtained (87 %). [0]^ = 21 .7 (CHCI3, c = 1 .12). 

^H-NMR {CDCI3): 400.16 MHz): (2 isomers by reversal of the propyl-triethoxysilane group on nitrogen in a ratio of 3.6 
to 1) 7.40-7.10 (m. 24 arom. H); 7.06 (m, 2 arom. H); 4.93 (br. s, 1 NH)^; 4.63 (br f, J= 5.7; 1 NH)gp 4.25 (cf, J= 12.9; 
1 H CHgO); 4,13 (q, J= 7.3); 3.86 {q, J= 7, 3 CHgOSi)^,; 3.84 (d, J= 7; 1 H CHgO); 3.83 (d, J= 7, 3 CH20Si)gr; 3,21 
35 (q, J = 6.6; 1 CHgN)^,; 3.09 (q, J = 6.7; 3 CH2N)g,; 1 .66 (m, 1 CHfiHzN)^] 1 .57 (m, 1 CH^H2N)^', 1 .43 (s, 1 CHgPh); 
1.26 (t, J =7,3 CH3)k,; 1.24 (t, J= 7; 3 CH3)g,; 0.67 (m, 1 CHgSi)^; 0.60 (m. 1 CH2Si)g,. aiP^Hl-NMR: -13.2 (d, J= 
34.7); -13.9 fcf. J =34.7). 

Example CI 2 : Preparation of a water-soluble diphosphlne of fomiula 

40 

[0147] 



45 



50 




a) A solution of 380 mg (0.9 mmols) of tris-1 ,2,3-(ethoxycarbonylethyloxymethy!)-2-aminopropane, that has been 
dried by azeotropic distillation in toluene, in 8.5 ml of absolute toluene Is added to 146 mg (0.9 mmols) of 1 ,1'- 
cariDonyl-dilmidazole, and the reaction mixture is stinted for 3 days at room temperature. To this mixture are added 
first of all a solution of 300 mg (0.53 mmols) of compound C6(c) in 8 ml of absolute toluene and then 20 mg of 
dibutyltin dilaurate, and the reaction mixture is stirredfor 2 days at 1 0O'C. The reaction mixture is then concentrated 
on a rotary evaporator and purified by chromatography (silica gel Merck 60, eluant: hexane/ethyl acetate 2:1 ) 41 5 
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mg of product are obtained (almost solid oil. yield 80%). 

^H-NMR: 7.40 -7.0 (/n, 26 arom. H); 4.95 (s, 1H. NH), 4.2 (d, J= 14. 1 H, CHgO); 4.11 {q, 6H, CHgCHg), 3,77 (d. 
J= 14, 1 H CHgO); 3.63 (f. 6H. O-CHgCHj). 3.08 (s, 6H. C-CHj-O), 2.5 (t, 6H, O-CHgCIja), 1 .38 (s. 3 H. Ph-CH3), 
1.22 (t. OH.CHgCKj), 
5 3lp{lH}-NMR: -13.6 (d, 35.7); -14.5 (d, J= 35.7). 



b) 383 mg (0.377 mmols) of the product are stirred for 1 8 hours in 1 0 ml of ethanol. 1 ml of water and 200 mg of 
potassium hydroxide. Then, the mixture is concentrated on a rotary evaporator and extracted by shaking in 1 0 ml 
of methylene chloride and 10 ml of 2n MCI, and the HCI phase is extracted several times with methylene chloride. 
10 The methylene phases are combined, washed with 0.2n HCI and then with water, dried with sodium sulphate and 

concentrated on a rotary evaporator. 333 mg of product are obtained (white solid, yield 95%). 
^H-NMR: 7.40-6.9 (m, 26 arom. H); 4.95 (s, 1H, NH). 4.2 (cf, J= 14, 1 H, CH2O). 3.77 (d. J= 14. 1 H CHgO); 3.66 
(r, 6H, O-CH2CH2). 3.12 (s, 6H, C-CH2-O). 2.51 (f. 6H. O-CHaCHg). 1.38 (s, 3 H, Ph-CHg). 
3ip{iH}-NMR: -13.7 (d, J=35.2); -14.5 (d, J=35.2). 

15 

Example CI 3 : Preparation of a diphosphine of formula 



[0148] 



20 



25 




30 a) A solution of 172 mg (0.31 mmols) of (S)-2,2'-dihydroxy-6,6'-diphenylphosphino-diphenyl in 5 ml of methylene 

chloride is mixed with 0.3 ml of 30% hydrogen peroxide and the mixture is stirred vigorously over night at room 
temperature. A white precipitate is fonmed. This poorly soluble precipitate Is filtered, washed with water, ethyl 
acetate and methylene chloride and dried under a vacuum. The yield is practically quantitative. In 3i P-NI\^R (sus- 
pension in CD3OD / DMSO), the poorly soluble white product has one singlet at 5 -1- 33.88 and contains no more 

35 educt. 

b) 119 mg (0.44 mmols) of N-(3-bromopropyl)phthalimlde are added to 1 04 mg (0.107 mmols) of the accordingly 
obtained {S)-2,2'-dihydroxy-6,6'-dlphenyloxyphosphinodiphenyl and 100 mg of potassium cartsonate In 2 ml of N, 
N-dimethylformamlde, and the mixture Isstin-ed over night at BS^'C. After cooling, 25 ml of water are added, whereby 
40 the product precipitates in pure fomn practically quantitatively. It is filtered, washed with water and dried under 
vacuum at 40" C. 

31P-NMR (CDCI3): +29.9 ppm (s). 

1H-NMR (CDCIa) characteristic signals: 3.7 (m, 2H, 2 x 0-CHH'-) and 3.33 each (m. 2H, 2 x 0-CHH'). 3.33 (t, 4H, 
2 X CH2-N), 2.5 (m, 4H, 2 x C-CHg-C). 

45 

[0149] The white powder may be reacted to the title compound without further purification, by releasing the amino 
groups with hydrazine hydrate and reducing the phosphlne oxide with trichlorosilane. 

D) Preparation of polymers with immobilised diphenyldiphosphines 

50 

Example D1 : Compound C4 on silica gel 

[0150] 2.458 g silica gel (Grace 332; 35-70 mm; Code: 91146025.01) are dried for three hours at 130 °C under a 
high vacuum and cooled again to room temperature. Then, a solution of 240 mg of compound C4 (2.8 mmols) In 11 .5 
55 ml of absolute toluene Is added and stirring Is can-ied out over night at 80-90''C. The mixture is cooled to room tem- 
perature and the toluene decanted off. The silica gel is then washed five times with 15 ml of degassed methanol and 
twice with 1 5 ml of absolute Et20, and dried over night under a high vacuum at 40*'C, Yield: 2.46 g. analysis: 0,26 %P 
corresponding to 0.042 mmols diphosphine/g silica gel. 
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Example D2 : Compound C4 on silica gel 

[0151] 2.91 g silica gel (Grace 332; 35-70mm; Code: 91146025.01) are dried for three hours at 130^C under a high 
vacuum and cooled again to room temperature. Then, a solution of 300 mg of compound C4 (0.35 mmols) in 14.5 ml 
5 of absolute toluene and 1 0 ml of methanesulphonic acid is added. The mixture is stinted over night at 90-110*'C. After 
cooling to room temperature, the toluene is decanted off, and the silica gel Is washed five times with 1 5 ml of degassed 
methanol and twice with absolute Et20. The silica gel is then dried over night under a high vacuum at 40''C. Yield: 3.04 
g. analysts: P content: 0.39 % corresponding to a density of 0.064 mmols diphosphine/g silica gel. 

10 Example D3 : Compound C3 on poly-(bisphenol-A-bisglyctdylether) (phenoxy resin) 

[0152] 0.4 g of poiyphenoxy resin with an average molecular weight of 1 3.000 (1 .41 mmols) are dissolved at 40 '^C 
in 10 ml of absolute CH2CI2. Then, 3.24 ml of 2,4-tolylene-diisocyanate (22.5 mmols) and 20 ml of triethylamine are 
added. The solution is then stirred under reflux for 3.5 hours. After cooling to room temperature, the polymer is pre- 

15 cipltated with 25 ml of absolute pentane and decanted off. The polymer is then washed three times (dissolving in 10 
ml of absolute CHgClg, precipitating with 25 ml of absolute pentane and filtering). Afterwards, the polymer is almost 
completely dissolved again in 10 ml of CH2CI2. To this are added 220 mg of compound C3 (0.36 mmols) and 10 ml of 
dibutyttin dllaurate. The solution is stirred under reflux for 18 hours and cooled to room temperature. 6 ml of degassed 
ethanol and 1 0 ml of dibutyltin are added and stirring is again effected under reflux for 1 8 hours. After cooling to room 

20 temperature, the polymer is precipitated with 50 ml of absolute pentane and 10 ml of absolute Et20 and filtered off. 
The polymer is washed three times (dissolving in 1 0 ml of CH2CI2, precipitating with 25 ml of absolute pentane and 20 
ml of absolute Et20 and filtering). The polymer is then dried over night under a high vacuum. Yield: 51 0 mg. 
Analysis: P: 2.14 % corresponding to a density of 0.34 mmols ligand/g polymer. 

25 Example D4 : Compound C3 with 2,4-tolylene-diisocyanate on aminomethylated polystyrene 

[0153] 660 mg of aminomethylated polystyrene (NHgi 0.56 mmols/g polymer) (0.37 mmols) are mixed with 25 ml of 
absolute CHgClg. Then, 0.85 ml of 2,4-tolylene-diisocyanate (5.9 mmols) are added dropwise. The mixture is stin-ed 
for 3 hours. The solution is filtered and the polymer washed four times with 20 ml of absolute CH2CI2. The polymer is 

30 mixed with 20 ml of CH2CI2 and then with 225 mg of compound C3 (0.37 mmols), and then 1 0 ml of dibutyltin dilaurate 
are added. The mixture Is stirred under reflux for 20 hours and then mixed with 8 ml of degassed EtOH, and with a 
further 10 ml of dibutyltin dilaurate. The mixture is stin-ed under reflux for a further 18 hours. After cooling to room 
temperature, the solvent is filtered off and the polymer washed four times with 25 ml of absolute CH2CI2. The polymer 
is then dried under a high vacuum. Yield: 754 mg. 

35 Analysis: 0.1% P, corresponding to a density of 0.016 mmols ligand/g polymer. 

Example D5 : Compound C11 on silica gel 

[0154] 2.65 g silica gel (Grace 332; 35-70 mm; Code: 91146025.01) are dried for 4.5 hours at ISO'^C under a high 
40 vacuum and cooled again to room temperature. Then, a solution of 260 mg of compound C11 (0,32 mmols) in 13 ml 

of absolute toluene and 1 0 ml of methanesulphonic acid is added. The mixture is stirred over night at 90-1 05 °C. After 
cooling to room temperature, the toluene Is decanted off, and the silica gel is washed five times with 1 5 ml of degassed 
MeOH and twice with absolute Et20. The silica gel is then dried over night under a high vacuum at 40"C. Yield: 2.76 g. 
Analysis: P content: 0.39 % corresponding to a density of 0.0629 mmols ligand/g silica gel. 

45 

Example D6 : Compound C6(c) with hexylene-1 ,6-diisocyanate on aminomethylated polystyrene 

[0155] 700 mg of aminomethylated polystyrene (NH2: 0.56 mmols/g polymer) (0.392 mmols) are mixed with 20 ml 
of absolute CH2CI2. Then, 2.52 ml of hexamethylene-1 ,6-diisocyanate (16 mmols) are added dropwise. The mixture 

50 is stirred for 2.5 hours. The solution is filtered and the polymer washed four times with 20 ml of absolute CH2CI2. The 
polymer is then mixed with 20 ml of CH2CI2, and 200 mg of compound C6(c) (0.35 mmols) and 10 ml of dibutyltin 
dilaurate are added. The mixture is stirred under reflux for 22 hours and then mixed with 8 ml of degassed ethanol 
(EtOH), and 1 0 ml of dibutyltin dilaurate. The mixture Is stln-ed under reflux for a further 1 8 hours. After cooling to room 
temperature, the solvent is filtered off and the polymer washed four times with 25 ml of absolute CH2CI2. The polymer 

55 is then dried under a high vacuum. Yield: 808 mg. 

Analysis: 0.3% P con-esponding to a density of 0.0484 mmols ligand/g polymer. 
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E) Hydrogenatlon 

Examples El -El 4 : Hydrogenatlon of acetamldoclnnamic acid methyl ester 

5 [0156] Hydrogenatlon Is carried out as follows: 0.0125 mmols of [Rh(NBD)2]BF4 and 0.015 mmols of polymer are 
placed under argon in a flask having a magnetic stirrer by repeatedly applying a vacuum and rinsing with argon. Then, 
2 ml of degassed methanol are added, the mixture is stirred slowly for 10 minutes (if there are insoluble immobilised 
ligands, the solution loses its colour and the carrier becomes orange) and 8 ml of a degassed methanolic solution of 
2.5 mmols of acetamldoclnnamic acid methyl ester are added. Then, without stirring, the argon is replaced by hydrogen 

10 (normal pressure) by applying a vacuum and rinsing with hydrogen, and hydrogenatlon Is started by switching on the 
stirrer. The progress of the reaction can be followed by the consumption of hydrogen (pressure drop In the hydrogen 
reservoir). The results are listed in table 1 . 



Tablet: 



15 


No. 


ligand/- 
polymer 
ligand 


substrate to 
catalyst 


conversion % 


reaction time 
(min.) 


optical yield 
(ee) 


remarks 






Zi 


200 


100 


60 


29 (S) 
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200 


100 


50 


27(R) 






El 


C3 


200 


100 


55 


41 (S) 






E2 


C4 


200 


100 


60 


39(S) 




25 


E3 


C6(C) 


200 


100 


70 


38(R) 






E4 


C11 


200 


100 


90 


36(R) 






E5 


D1 


200 


100 


70 


44(S) 






E6 


D1 


200 


100 


120 


43(S) 


reused 


30 


E7 


D1 


1000 


93 


900 


39(S) 






E8 


D2 


200 


100 


60 


45(S) 






E9 


D3 


200 


98 


90 


48(R) 


catalyst insoluble 


35 


E10 


D3 


200 


42 


125 


46(R) 


reused 


40 


E11 


D3 


200 


100 


60 


41 (S) 


in methanol/THF 
with 

methanesulphonic 
acid 


E12 


D4 


200 


100 


80 


40(R) 






E13 


D4 


200 


100 


110 


40(R) 


reused 


45 


E14 


D5 


400 


50 


840 


39(R) 


in methanolATHF 

with 

methanesulphonic 
acid 




: (S)-6,6'-dimethoxy-diphen-2,2'-yl-bis-(diphenylphosphine) 
Zg: (S)-6,6'-dimethyl-diphen-2,2'-yl-bis-(diphenylphosphine) 



50 

Examples E15-E34 : Hydrogenatlon of phenylglyoxalic acid methyl ester to S-mandelic acid methyl ester 



[0157] Hydrogenatlon is carried out as follows: 2 ml of degassed acetone are added under argon to 0.013 mmols of 
(cyclooctadlene)Ru(2-methylallyl)2 and 0.0143 mmols of immobilised ligand D1 . Then, the indicated amounts of HBr 
or methanesulphonic acid or LiBr are added, stimng is effected for 30 minutes, and finally the acetone Is drawn off 
under vacuum. Then, a degassed solution of 5 mmols of phenylglyoxalic acid methyl ester in 5 ml of methanol is added, 
the reaction mixture Is transferred by a cannula under a countercurrent of argon into a 50 ml autoclave, and hydrogen- 
ated at 80 bars hydrogen pressure at 40''C. 
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[0158] The immobilised catalyst is reused several times. Separation takes place each time by centrifuging. The 
results are listed in table 2. In examples E24-34. 4.6 equivalents of LiBr/Ru are additionally used. The acid addition is 
given in equivalents per Ru. MS signifies methanesulphonic acid. 

5 Table 2: 



10 



15 



20 



25 



30 



35 





stoiti atifihifsn 
duiu ciuuiuuii 


1 iRr flrirlitinn 


ciiKctratA in 

catalyst 


UUi 1 VclolUI 1 

(%) 


cc y /Of 


(min.) 


1 CI 1 lai ivo 


E15 


3.4 HBr 


- 


384 


98.5 


86.1 


1320 


fresh catalyst 


E16 


- 


- 


384 


93.6 


75.7 


1100 


1st reuse 


E17 


7.4 HBr 


- 


384 


99 


87.1 


1080 


fresh catalyst 


E18 


7.4 HBr 


- 


384 


99 


89.1 


1100 


1st reuse 


E19 


7.4 HBr 




384 


99 


88.7 


960 


2nd reuse 


E20 


7.4 HBr 


- 


384 


97 


88.6 


960 


3rd reuse 


E21 


7.4 HBr 


- 


384 


99 


90 


3780 


4th reuse 


E22 


4.5 HBr 


- 


1000 


47 


79 


980 


fresh catalyst 


E23 


4.5 HBr 


- 


1000 


65 


81.8 


1200 


1st reuse 


E24 


2.3 MS 


4.6 LiBr 


384 


79 


81.9 


870 


fresh catatyst 


E25 


2.3 MS 


4.6 LiBr 


384 


95 


86.7 


1050 


1st reuse 


E26 


4.6 MS 


4.6 LiBr 


384 


99 


90.7 


960 


2nd reuse 


E27 


2.3 MS 


4.6 LiBr 


384 


99 


86.7 


960 


3rd reuse 


E28 


4.6 MS 


4.6 LiBr 


384 


99 


87.7 


900 


4th reuse 


E29 


4.6 MS 


4.6 LiBr 


1000 


02 


85.8 


1440 


5th reuse 


E30 


4.6 MS 


4.6 LiBr 


384 


97 


86.3 


1200 


6th reuse 


E31 


4.6 MS 


4.6 LiBr 


384 


97 


87.1 


1140 


7th reuse 


E32 


4.6 MS 


4.6 LiBr 


1000 


76 


83.7 


1200 


8th reuse 


E33 


4.6 MS 


4.6 LiBr 


1000 


57 


81.3 


900 


9th reuse 


E34 


4.6 MS 


4.6 LiBr 


1000 


35 


74.1 


1200 


10th reuse 



Claims 

40 

1 . Compounds of fomnula 1 , 



45 



50 




55 wherein 

R^ Is methyl chloride, methyl bromide or methyl iodide, R2 is C^-C4-aikyl or Ci-C4-alkoxy or has the same 
significance as R^, and R3 is Br, I or -NH2. 
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wherein 

R3 is Br. I or -NHg, 

R4 is hydroxymethyl, aminomethyl, hydroxy-, amino- orcyano-Cg-CQ-alkoxy, hydroxy-, amino-or cyano-Cg-Cs- 
alkoxymethyl, or hydroxy-, amino- or cyano-C2-C8-alkylaminomethyl. and R5 has the same significance as R4, 
or R5 is Ci-C4-allcyl or Ci-C4-alkoxy, or 

R4 and R5 together are HOCH(CH2-0-)2, H2NCH(CH2-0-)2. or hydroxy-, amino- or cyano-Cg-Cg-alkylOCH 
(CH2-0-)2, except 2,2*-Dihydroxmethyl-6,6'-dibromdlphenyl and 2,2'-Dihydroxymethyl-6,6'-diaminodiphenyl. 

Compounds of formula III, 




wherein 



Rfi and R7 signify identical or different secondary phosphino, 

Rq is-CHg-OH. -CH2-NH2. -CH2-0-B-(FU)p. -CH2-NR'-B-(FU)p, or-0-B-(FU)p. 

Rg has the same significance as Rg or is Ci-C4-alkyl or Ci-C4-alkoxy, or 

Rg and Rg together signify HOCH(CH2-0-)2, H2NCH(CH2-0-)2, (FU)p-B-OCH(CH2-0-)2 or (FU)p-B-R'NCH 
(CH2-0-)2, 

R'is H orCi-C4 alkyi; 

B is a bridging group, 

FU is a functional group, 

p is a number from 1 to 6, and 

NH2 groups are present as such or as masked isocyanate groups. 



Compounds according to claim 3, In which the secondary phosphino group corresponds to formula -PRio'^ii» 
wherein R^q ^^d R^^, Independently of one another, are C^-C^g-alkyl, Cs-Cig-cycloalkyI, phenyl, C5-Ci2-cycIoallcyl 
substituted by Ci-C4-alkyl or Ci-C4-alkoxy, or phenyl mono- to trisubstituted by Ci-C4-alkyl, C^-C4-alkoxy, 
-SiRigRiaRu. halogen, -SO3M, -CO2M, -PO3M, -NR15R16, -[^NRisRieRnlX" or C^-Cg-fluoroalkyl; R^q and R-,1 
together are tetra- or pentamethylene either unsubstituted or mono- to trisubstituted by Ci-C4-alkyl, Ci-C4-alkoxy, 
-SiR^gF^iaF^u. halogen, -SO3M, -CO2M, -PO3M, -NR15R16, -[""NRisRigRiylX- or C^-Cg-fluoroalkyl, or the group 
-PR^qR^^ represents a radical of fomnulae 
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10 



15 



and R^2* '^is independently of one another, are CyC^2'^^^^ phenyl 

R^5 and R^g* independently of one another, are H, CyC^2'^^^^ phenyl, or R^s and R^g together are tetram- 

ethylene, pentamethylene or3-oxa-1,5-pentylene; 

R^yis H or Ci>C4-alkyl; 

M is H or an alkali metal; 

X is the anion of a monobasic acid; 

halogen is fluorine, chlorine, bromine or iodine. 



5. Metal complexes of fomiulae V, Va and Vb of d-8 metals with the compounds of fomnula I 



20 



25 



30 




.MeYD 



(V). 




<Va). 



35 



40 




Ru(ii)3yc'2 



(VbX 



45 



50 



55 



whereby Rg, R7, Rg and Rg have the above-mentioned significances and preferences; 

Y denotes two monoolefin llgands or one diene ligand; 
Me signifies a d-8 metal selected from the group Ir and Rh; 
Dis -CI, -Br or -I; and 

E is the anion of an oxyacid or complex acid; 

X2 and X2' are identical or different and have the significance of D or E, or X2 and X2' are allyl or 2-methylallyl, 
or X2 has the significance of D and E and X2' is hydride. 

6. Solid Inorganic carrier, which has diphosphine ligands of formula Ilia that are bonded at the surface by one or two 
silyt groups of the radical of fomiula 



24 



1 



EP 1002 801 B1 



5 



10 




(Ilia). 



wherein the group B-FU in radicals Rg and Rg is a radical of fomiula 



.X3-C(0)-NH.R27-Si(R25)„(R260)3.„ 



wherein X3 signifies -0-, -NH- or NH(C^-C4-alIcyl), R27 is C^-Cis'^^'^®'^®' ^^26 ^ ^1*^12 ^"^'i 1^25 ^® C^-C4-alkyl 
or OR26 and n is 0. 1 or 2. 

20 

7. Inorganic or organic polymeric carriers, to which diphosphines of fomnula III 



25 



30 




are bonded, which are characterised in that they are bonded to the inorganic or polymeric organic carrier by the 
35 functional group FU, whereby the radicals FU, Rg, R7, Rg and Rg have the significances given in claim 3. 

8. d-8 metal complexes of inorganic or organic polymeric carriers, to which diphenyldiphosphines of formula VII, Vila 
or Vlib 

40 



45 




55 



25 
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5 



10 




arG bondod by at least one H0-, H2N- group or functionBl Qroup FU, whereby the rddicals Rg, R7, Rg, Rg, Me. E. 
Y, X2 and X2 and the carrier have the significances given in claim 5. 

IS 

9. Diphenyldiphosphlne ligands of formula III according to claim 3 and their d-8 metal complexes of fomiulae V, Va 
and Vb according to claim 5, which contain solubility-enhancing or adsorption-facilitating groups bonded to at least 
one H0-, H2N- or functional group FU, and which have a molecular weight of less than 5000 daltons. and which 
can be separated by extraction with immiscible liquids or by adsorption on a carrier. 

20 

10. Process for the asymmetric hydrogenatlon of compounds with carbon double bonds orcariDon/hetero atom double 
bonds, whereby the compounds are reacted with hydrogen at a temperature of -20 to SO'^C and at a hydrogen 
pressure of 1 0^ to 2x1 0^ Pa in the presence of catalytic amounts of d-8 metal complexes according to claims 5, 
8 or 9. 

25 

PatentansprUche 

1 . Verbindungen der Formel I, 

30 



35 




40 

worin 

Ri Chlomiethyl, Brommethyl oder lodmethyl ist, C^-C^-Mkyl oder Ci-C4-Alkoxy bedeutet Oder die gleiche 
45 Bedeutung wie R^ hat, und R3 fur Br, I oder -NHg steht. 

2. Verbindungen der Formel II, 
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worin 

fur Br, I Oder -NHg steht, 

R4 Hydroxymethyl, Aminomethyl. Hydroxy-, Amino- Oder Cyano-Cg'^s'^'^^^' Hydroxy-, Amino- oderCya- 
no-C2-C8-alkoxymethyl, Oder Hydroxy-, Amino- oder Cyano-Cg-CQ-allcyiaminomethyi bedeutet, und R5 die giel- 
che Bedeutung wie R4 hat, oder R5 C^-C4-Alkyl oder Ci-C4-Aikoxy darsteilt, Oder 

R4 und R5 zusammen HOCHCCHa-O-jg. H2NCH(CH2-0-)2, Oder 

Hydroxy-, Amino- oder Cyano-C2-CQ-all<ylOCH{CH2-0-)2 sind, ausgenommen 2,2*-Bls-(hydroxymethyl)-6,6'- 
dibromblphenyl und 2,2'-Bis-(hydroxymethyl)-6,6'-diaminoblphenyl. 

Verbindungen der Formel III, 




worin 

Rg und Ry gleiches oder verschiedenes Sekundarphosphino bedeuten, 

Rq -CH2-OH. -CH2-NH2, -CH2-0-B-(FU)p, -CH2-NR'-B-(FU)p, oder -0-B-(FU)p darstellt, 

Rg die gleiche Bedeutung wie Rg hat oder fur Ci-C4-Alkyl oder Ci-C4-Alkoxy steht, oder 

Rq und Rgzusammen HOCH(CH2-0-)2, HaNCHCCHj-O-ja. (FU)p-B-0CH(CH2-O-)20der(FU)p-B-R'NCH(CH2- 
0-)2 bedeuten, 

R' fur H Oder Ci-C4-Alkyl steht, 
B eine eine BKickengruppe ist. 
FU eine f unktionelle Gruppe bedeutet, 
p fur eine Zahl von 1 bis 6 steht, und 

NH2-Gruppen als solche oder als verkappte Isocyanatgruppen vorliegen. 

Verbindungen gemass Anspruch 3, dadurch gekennzeichnet, dass die Sekundarphosphinogruppe der Formel 
-PR^qR^i entsprlcht, worin R^q ""^ unabhangig voneinander Ci-Ci2"Alky>. C5-Ci2-Cycloalkyl, Phenyl, mit 
Ci-C4-Alkyl Oder Ci-C4-Alkoxy substituiertes C5-Ci2-Cycloalkyl oder mit ein bis drei Ci-C4-Alkyl, Ci-C4-Alkoxy, 
-SiRi2Ri3Ri4, Halogen, -SO3M, -CO2M, -PO^f^, -NRigRig, -[^NR^sRieRiTlX- oder Ci-Cg-FluoralkyI substituiertes 
Phenyl; R^q und R^ zusammen unsubtituiertes oder mit ein bis drei Ci-C4-Aikyl, Ci-C4-Alkoxy, -SiRi2Ri3Ri4. 
Halogen, -SOglVI, -COgM, -PO3IVI, -NR^gRig, 

-["^NR^sRigR^ylX- Oder C^-Cs-Fluoralkyl substituiertes Tetra- oder Pentamethylen darstellt, oder die Gruppe 
-PR^o^^ii ©'"©n Rest der Formein darstellt, 
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und R,2« ^13 ^14 unabhangig vonelnander Ci-Ci2-Alkyl oder Phenyl 

R^5 und R^g unabhangig vonelnander H. C^-C^g'^'M ^^^^ Phenyl Oder R^5 und Rg zusammen Tetramethylen, 
Pentamethylen oder 3-0xa-1 ,5-Pentylen; 

Ri7 H oderCi-C4-Alkyl; 

M H Oder ein Alkalimetall; 

X' das Anion einer einbaslschen Saure; 

Halogen Fluor, Chlor, Brom oder lod bedeuten. 

Metallkomplexe der Fomnel V, Va und Vb von d-8-Metallen mit den Verblndungen der Formeln III, 




(Va). 



wobel Rg, R7, Rg und Rg die vorstehend angegebenen Bedeutungen und Bevorzugungen haben; 
YfQrzwel Monoolefinllganden oder einen Dienllganden steht; 
Me ein d-8-Metall ausgewahit aus der Gruppe Ir und Rh bedeutet; 
D -CI, -Br Oder -I darstellt; und 

E das Anion einer Sauerstoffsaure oder Komplexsaure ist, 

X2 und X2' gleich oderverschieden slnd und die Bedeutung von D oder E haben, oderX2 und X2* fur Ally! oder 
2-Methylallyl stehen, oder X2 die Bedeutung von D und E hat und X2' fur Hydrid steht. 
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6. Festes anorganlsches Tragenmaterial, dadurch gekennzeichnet, dass es uber ein Oder zwei Silylgruppen an der 
Oberflache gebundene Diphosphlnliganden der Foniiei aufweist, 



5 



10 




(1119). 



IS worin die Gruppe B-FU in den Resten Rg und Rg einen Rest der Fomnel 

-X3-C(0)-NH-R27-Si(R25)„(Ra60)3.„ 

20 darstellt, worin -0-. -NH- Oder NH(Ci-C4-Alkyl) bedeutet, R27 CyC^2-^\\<?/\er\, R26 Oy0^2 A'M. R25 C^-C^-Alkyl 

Oder OR26 bedeuten und n 0, 1 oder 2 ist. 

7. Anorganlsche Oder organische polymere Tr&germateriallen, an die Diphosphine der Fomnel III 

25 



30 




35 gebundensind,diedadurchgekennzeichnet8ind,das8sieuberdlefunktionelleGruppeFU an das anorganlsche 

Oder polymere organische Trageimaterial gebunden sind, wobel die Reste FU, Rg, R7, Re und Rg die In Anspruch 
3 angegebenen Bedeutungen haben. 

8. d-8-Metal(komplexe von anorganlschen Oder organlschen polymeren Tragennateriallen, an die Diphenyldiphos- 
40 phine der Formel VII. Vila oder Vllb 




(Vila), 



55 
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5 



10 




(Vllb). 



uber wenigstens eine H0-,H2N'Gruppe Oder funktionelle Gruppe FU an das anorgantsche oder organische poly- 
mere Tragermaterial gebunden sind. wobei die Reste Rq, Ry, Rg. R9. Me. E. Y, X2 und X2'und das TrSgermaterial 
die in Ansprucfi 5 angegebenen Bedeutungen haben. 

15 

9. Diphenyldiphosphlnliganden der Formel III gemass Anspruch 3 und deren d-8 Metallkomplexe der Fomneln V, Va 
und Vb gemass Anspruch 5, welche an wenigstens eine l-l2Noder funktionelle Gruppe FU Idsllchkeitsvennait- 
telnde Oder adsorbtionsvennlttelnde Gruppen gebunden enthalten, und die ein Molekulargewicht von wenlger als 
5000 Dalton, welche durch Extraktion mit nicht mitelnander mischbaren Flusslgkeiten oder durch Adsorption an 

20 einem Tragennaterial aus abtrennbar sind. 

10. Verfahren zur asymmetrischen Hydrierung von Verbindungen mit Kohlenstoff- oder Kohlenstoff-Heteroatomdop- 
pelbindungen, dadurch gekennzeichnet, dass man die Verbindungen bei einer Temperatur von -20 bis 80 ""C 
und einem Wasserstoffdruck von 10^ bis 2x1 0^ Pa In Gegenwart katalytischer Mengen von d-8 Metallkomplexen 

25 gemass den Anspriichen 5. 8 oder 9 mit Wasserstoff umsetzt. 



Revendicatlons 

30 1 . Composes de fomnule 1 , 




(I). 



dans taquelle 

Ri est le chlorure de m6thyle, le bromure de m6thyle ou I'lodure de m6thyle, R2 est un groupe alkyle en h 
C4 ou un groupe alcoxy en k C4 ou possfede les memos significations que R^, et R3 est Br, I ou -NHg. 

2. Composes de formule II, 
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dans lequelle 

R3 est Br, I ou -NHg. 

R4 est un groupe hydroxym6thyle, amlnom^thyle, hydroxy-, amino- ou cyano-(alcoxy en C2 ^ Cq), hydroxy-, 
amino- ou cyano-(alcoxy en C2 ^ C8)-m6thyle, ou hydroxy-, amino- ou cano-(alkyle en C2 & C3)-anfiinom6thyle, 
et R5 possede la meme signification que R4, ou R5 est un groupe alkyle en k C4 ou alcoxy en k C4, ou 
R4 et R5, pris conjolntement, sont HOCH(CH2-0-)2, H2NCH(CH2-0-)2. ou un groupe hydroxy-, amino- ou 
cyano-(all^le en k C8)-OCH(CH2-0-)2, sauf le 2,2'-dihydroxym6thyl-6,6'-dibromodiph6nyle et le 2,2'-dihy- 
droxym6thyl-6,5'-diaminodiph6nyle. 

Composes de fomnuie III, 




dans laquelle 

Rg et Ry repr6sentent un groupe phosphino secondaire identique ou different, 

Rg repr6sente -CHg-OH. -CH2-NH2, -CH2-0-B-(FU)p, -CH2-NR'-B-(FU)p ou -0-B-(FU)p, 

Rg possede la meme signification que Rg ou est un groupe alkyle en k C4 ou alcoxy en k C4, ou 

Rq et R9, pris conjolntement, repr6sentent HOCH(CH2-0-)2, H2NCr{CH2-0-)2, (FU)p-B-OCH(CH2-0-)2 ou 

{FU)p-B-R'NCH(CH2-0-)2, 

R'est un atome H ou un groupe alkyle en k C4, 

B est un groupe pontant, 

FU est un groupe fonctionnel, 

p est un nombre compris entre 1 et 6, et les radicaux NH2 sont presents tels quels ou en tant que groupes 
Isocyanates masques. 
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Composes selon la revendication 3, dans lesquels le groupe phosphino secondaire correspond k la formule 
•PR^o'^H' ^^^^ laquelle R^q et R^^, independamment Tun de i'autre, sent un groupe alkyle en k Cf2> cyctoalkyle 
en C5 k Ci2< phenyle, cycloalkyle en C5 k C^2 substitu§ par un groupe alkyle en k C4 ou alcoxy en k C4, ou 
ph6nyle mono- k trisubstltu6 par un groupe alkyle en k C4, alcoxy en ^ C4, -SIR^g^ia^u* halog6no, -SO3M, 
-COgM, -PO3M, -NR^gR^g' '["^NRisRieRnlX* ou fluoroalkyle en C^kC^; R^q ®^ '^ii* conjolntement, sont le 
t6tra- ou pentam6thyldne, soit non substitud, soit mono- k tnsubstitu6 par un groupe alkyle en k C4, alcoxy en 
Ci k C4, -SIR12R13R14, halog6no, -SO3M, -COjM, -PO3M, -NRigR^e, -[""NRisRieRiylX- ou fluoroalkyle en Ci k 
C5 ou le groupe -PRiqF^h repr^sente un radical de fonmules : 




et R^2> ^13 3^ ^14> independamment les una des autres, sont un groupe alkyle en k C^2 ph^nyle, 
Ri5 et R16, ind6pendamment I'un de I'autre, repr6sentent un atome H, un groupe alkyle en C-i ^ C12 ou ph^nyle, 
ou Ri5 et 

R^g, pris conjolntement, sont le t6tram6thyl§ne, le pentam§thyl6ne ou le 3-oxa-1 ,5-pentyl6ne ; 

R^7 est un atome H ou un groupe alkyle en 6 C4 ; 

M est un atome H ou de m^tal atcalin ; 

X est I'anion d'un acide monobasique ; 

halogdno repr^sente un groupe fluoro, chloro, bromo ou iodo. 

Complexes de m^taux de formules V, Va et Vb des m^taux d-8 avec les composes de fonmule lit, 




(Va), 



dans laquelle Rg, R7, Rg et Rg poss^dent les significations et les preferences mentionndes cl-dessus ; 

Y represente deux ligands monooietlnlques ou un ligand didne ; 
Me signifie un metal d-8 choisi dans le groupe forme par Ir et Rh ; 
D est -CI, -Br ou -I ; et 

E est I'anion d'un oxyaclde ou d'un acide complexe ; 
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X2 et X2' sont identiques ou differents et possedent la signification de D ou E, ou et X2' sont un groupe 
allyle ou 2-m§thylaliyle, ou X2, poss^de la signification de D et E et est un hydrure. 

Support inorganique solide, qui possdde des ligands diphosphine de formule Ilia qui sont relics k la surface par 
un ou deux groupes silyle du radical de fomnule : 




(Ilia). 



dans laquelle le groupe B-FU dans les radlcaux Ra et Rg est un radical de formule : 

.X3-C(0).NH-R27-Si-(R25)„(R260)3.n 

dans laquelle X3 signifie -0-, -NH- ou NH(alkyle en C, k C4), R27 est un groupe alkyl6ne en k 0^2, R26 "J" 
groupe alkyle en k C^g, R25 est un groupe alkyle en k C4 ou ORge et n vaut 0, 1 ou 2. 

Supports potym^res inorganiques ou organiques, auxquels les diphosphines de formule III 




(III) 



sont relives, qui sont caract^rlses en ce qu'ils sont relics au support Inorganique ou polym^re organlque par le 
groupe fonctionnel FU. dans laquelle les radicaux FU, Rg, R7, Rg et R9 possedent les significations donn6es dans 

la revendication 3. 

Complexes de m^taux d-8 de supports polymdres Inorganiques ou organiques, auxquels les diph^nyldiphosphines 
de fonnule VII, Vila ou Viib 
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(Vllb);. 



sont relives par au moins un groupe H0-, H2N- ou un groupe fonctionnel FU, dans lesqueltes les radicaux Rg, R7, 
Rs' ^> E> X2 et X2' et, le support poss^dent les significations donn^es dans la revendication 5. 

9. Ligands diph^nyldlphosphines de fonnule III. selon la revendication 3 et leurs complexes de m6taux d-8 de for- 
mules V, Va et Vb selon la revendication 5, qui contiennent des groupes favorisant la solubility ou facllitant I'ad- 
sorption relics k au moins un groupe H0-, H2N- ou un groupe fonctionnel FU, et qui ont une masse mol^culaire 
Inf^rieure k 5 000 daltons, et qui sont s^par^s par extraction avec des llquldes immiscibles ou par adsorption sur 
un support. 

10. Proc6d6 pour I'hydrog^nation asym^trique de composes avec des doubles liaisons carbone ou des doubles 
liaisons carbone/het^roatome, dans lequel les composes sont mis k r^agir avec de I'hydrogene k une temperature 
comprise entre -20''C et SCO et k une pression d'hydrogdne de 10^ ^ 2x1 0^ Pa en presence de quantltds cata- 
lytiques de complexes de m^taux d-8 selon les revendlcations 5, 8 ou 9. 
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